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Sampled-Data Systems | 





Programmer makes operational check from ‘‘driver's seat'’ of IBM 709 Data 
Processing System — the most up-to-date system utilizing electron tubes. 


Tung-Sol 5687 contributes to the prime reliability 
of the IBM 709 Data Processing System! 


The IBM 709 Data Processing system 
counts on unfaltering dependability from 
over 500 Tung-Sol 5687 Twin Triodes — 
approximately 340 5687’s are found in the 
Arithmetic and Logic unit; the remainder 
in the Magnetic Drum Storage unit. 


Because the Tung-Sol 5687 offers excel- 
lent power handling ability, the IBM 709 
employs it largely in power follower cir- 
cuits to supply high current requirements 

. in driving lines with high capacity 
loading. Frequent 200 millimicrosecond 
pulses make the latter a key job in the 709. 
Other special-circuit uses of the 5687 


include: master oscillator, pulse shaping in- 
verters, magnetic drum write head drivers, 
relay drivers and single-shot multivibrators. 


5687 performance points up the relia- 
bility you'll find characterizes Tung-Sol 
tubes and semiconductors. It gives design- 
ers in-use testimony that lets them specify 
Tung-Sol for critical sockets with complete 
assurance of full-life trustworthiness. For 
full technical information on the Tung-Sol 
5687, or other Tung-Sol tubes or semi- 
conductors, contact: Tung-Sol Electric Inc., 
Newark 4, New Jersey. TWX :NK193 


‘s) TUNG-SOL 


Circle 101 on page 17 





NOVEMBER 1959 


CASE HISTORIES 


Solve ELlectric Moror Positioning Frobleins / 


CUSTOMER PROBLEM: 


Conventional lubrication imposes design 
restrictions on electric motor manufacturer. 
Mounting positions are limited, since bearings 
must be accessible for service or relubrication. 


SOLUTION: 


New Departure offered factory prelubricated, 
shielded ball bearings. Electric motors equipped 
with these high precision, production ball 
bearings, maintain their original performance 
in any position. And, accessibility for service 
need not be a ruling factor in motor location. 


wh 
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These quiet-running ball bearings are virtually 
lubricated-for-life, and eliminate the need for 
adjustment because of wear. In applica- 
tions where excessive contamination conditions 
exist, a full line of efficient New Departure 
Sentri-Seal ball bearings are also available. 


If your product or design calls for long, trouble- 
free bearing life, why not call on New Depar- 
ture. There’s probably a high production, low- 
cost ball bearing, built to New Departure’s 
traditional precision, that’ll do the job better. 
Call or write New Departure Division, Gener- 
al Motors Corporation, Bristol, Connecticut. 


_— 
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BALL BEARINGS 
proved reliability you can build around 


Circle 104 on page 17 





If you’re troubled with these hidden 
costs, your product needs 


BODINE MOTORS 


Cartoonist Sid Hix looks at the expenses of buying “‘second best” motors. 


Are too large, hard to install motors slowing down 
your production line? Bodine motors are compact, 
light-weight, powerful for their size and available 
with a variety of mechanical adaptations. 


Are on-the-line motor rejections adding to your 
production costs? Close supervision throughout all 
manufacturing processes, plus individual inspec- 
tion and testing of completed Bodine motors mini- 
mize rejections. 


> 


3500 standard motors... 295 stock motors 


If you're planning new or improved prod- 


engineer. Probably one of Bodine’s 3500 
standard motors is perfectly suited to your fractionol 
product. And Bodine carries in stock 295 


SERVICE 
DEPT. 4 


Are frequent motor breakdowns nullifying your 
product's other competitive advantages? Highest 
quality workmanship and materials make long life 
and service free operation inherent characteristics 
of all Bodine motors. 


Does poor motor performance jeopardize your 
good name—cause you to lose repeat sales? Close 
tolerance machining plus quality materials plus 
close inspection and testing of each Bodine motor 
assures consistent performance. 


Bodine Motors are used in: office 


ucts, talk to a Bodine motor-application Fo ie > | N al machines, instruments, communica- 
tion equipment, sound recorders, 


automatic scales, respirators, voltage 


horsepower regulators, X-ray timers, traffic sig- 


nal timers, stirrers, sanders, letter 


different standard types and sizes of motors 
..teady for immediate shipment. (Ask for M C2 | 8 ind a openers, envelope sealers . . . and 


Bulletin S-1.) Bodine Electric Company, 
2506 West Bradley Place, Chicago 18, Illinois. 


many, many other types of equip- 
ment, 


...the power behind the leading products 
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100% DEVICE TEST WITH 
‘CAT’ AUTOMATIC TEST EQUIPMENT 


100% test of the performance and uni- 

formity built into Tl ‘mesa’ units is con- 

ducted automatically by CAT—Cen- 

tralized Automatic Test equipments. im J 
Designed and built by TI, these machines er : 
each have a capacity of 40,000 units a day. fa / 
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Currently doubling in size is the 
310,000-sq ft T! Semiconductor-Com- 
ponents division plant, already the 
world’s largest semiconductor facility. 





2N697 MULTI-PURPOSE 
SILICON ‘MESAS’ 
NOW MASS-PRODUCED 


BY WORLD’S 
LARGEST TRANSISTOR 


MANUFACTURER 


weawnc-rower anpuricns + suatt- | MB ) ir i te 
SIGNAL AMPLIFIERS * SWITCHERS 


pose silicon ‘mesa’ units for amplifier, 
switching and medium-power applications. 
FEATURE: Produced by the pioneer of the diffused-base proc- 
P ess, these highly reliable ‘mesa’ units feature... 
‘ ‘ ‘ 2-w maximum power dissipation ... beta spreads 
" Diffused-base mesa’ construction of 20-60 (TI 2N696) and 40-120 (TI 2N697) ... 


10-ohm maximum saturation resistance. 


ACTUAL SIZE 


i iy * . 7 . ° 
2-w maximum aoe dissipation at 25°C Your full-year guarantee is backed by TI’s proven 


i i production capabilities (largest in the world and 
= DC betas of 20-60 and 40-120 currently being doubled) and a stringent quality 
assurance program. — 


Check these specs and contact your nearest dis- 
tributor or TI sales office for immediate delivery. 


electrical characteristics at 25°C ambient maximum ratings at 25°C ambient 


(unless otherwise noted) 
PARAMETERS TEST CONDITIONS 
IcBo Collector Reverse Current Vog = 30v Ig = 0 
at 150°C Vop = 30v Ig =0 
BVcgo Collector-Base Breakdown Voltage Icgg = 100ua Ig = 0 


Collector-Base Voltage 


Collector-Emitter Voltage (Rag = 10 2) 
BYcER Collector-Emitter Breakdown Voltage Icgr = 100ma Regge = 10 ohms 
BVEgo Emitter-Base Breakdown Voltage lego = 100ua Ig = 0 Emitter-Base Voltage 


hee D-C Forward Current Transfer Ratio I¢ = 150ma Veg = 10 v (2N696) 
(2N697) Total Device Dissipation 
VBE (sat)* Base-Emitter Saturation Voltage I¢ = 150ma_ Ig = 15ma 
VcE (gat)* Collector-Emitter Saturation Voltage Ic = 150ma_ 1g = 15ma Total Device Dissipation at case temperature 25°C 
hfe A-C Common Emitter Forward iia iain 
Current Transfer Ratio I¢ = 50ma_ Ss Ve = 10v f = 20mc 
Cob Collector Capacitance lg Vo = 10v 
*Pulse conditions: length =300us ; duty cycle<2%. 


INCORPORATED specific details on TI products. 


SEMICONDUCTOR-COMPONENTS DIVISION 


di B INSTRUMENT panting 
} 
ee 
iz 


13500 N. CENTRAL EXPRESSWAY ‘ / . / ; - / , 
PST OFFICE BOX 312 - DALLAS, TEXAS Transistors | Diodes | Resistors / Rectifiers | Capacitors 
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in This issue 


Your Classification: 
Case Histories 
Instruments and Test Equipment 
Design 


Automatic Circuit Analyzer 
Programs Its Own Tests 


Design details of first-of-its-kind analyzer that analyzes ter- 
minal-to-terminal continuity of prototype cable harnesses and 
electrical/electronic equipments and prepares both a printed 
tape for comparison with design specifications and a punched 
tape for programming its own leakage and continuity tests 
on subsequent production models. Identifies kind and location 
of errors. 


Kurt Enslein, Brooks Research Inc., Rochester, N. Y., and 
H. J. Kirschnick, Westinghouse Electric Corp., Baltimore, Md. 


Electrical Manufacturing 1959 November p 106 8 pp 


Design Considerations 


Your Classification: 
Packaging, Electronic 


Standard Modular System for 
Transistorized Computers 


A modular electronic packaging system for computers is de- 
scribed covering component cards, receptacles, contacts and 
interconnections for optimum equipment performance and 
maximum manufacturing efficiency and economy. 


A. H. Johnson, International Business Machines Corp., Endi 
cott, N.Y. 


Electrical Manufacturing 1959 November p 133 3 pp 


Design Considerations 
Shock and Vibration 
— 
Environmental 


Your Classification: 


Random-Wave Vibration Testing 


A general study of the operation and capabilities of random- 
wave vibration test equipment, test facilities and test param- 
eters used in the design of electronic equipment operating 
within a dynamic environment. Procedures by two large 
testing facilities are described and typical test systems are 
illustrated. Missiles applications are extrapolated to normal 
electronics production problems. 


J. A. Ross, Ling Electronics, Inc., Los Angeles, Calif. 


Electrical Manufacturing 1959 November p 172 4 pp 


Materials, Electrical /Electronic 
Electrical Insulation and Dielectrics 
Testin 
Environmental 


Your Classification: 


Evaluation of Open-Enclosure 
Epoxy-Sealed Motors 


Results of environmental tests on open-enclosure epoxy-resin 
sealed motors designed for use under conditions where 
standard enclosed and protected motors are normally used. 


V. B. Honsinger, Development Laboratory, Allis-Chalmers 
Manufacturing Co., Norwood, Ohio. 


Electrical Manufacturing 1959 November p 114 3 pp 


Basic Science and Engineering 
Mathematics 

Control 
Theory 


Your Classification: 


* Sampled-Data Systems 


An introduction to analysis of closed-loop control systems 
where input or error signal is periodically sampled by a 
sampling switch, analog-digital converter, digital computer, 
etc. Covers: impulse response; frequency response; p-trans- 
form and z-transform methods; Nyquist, Bode and root-locus 
diagrams with z transforms. Introduces normalized sT plane, 
pseudo-sampling and z transforms for table generating func- 
tions. 


Carl O. Carlson, The National Cash Register Co., Hawthorne, 
Calif. 


Electrical Manufacturing 1959 November p 137 20 pp 


Design Considerations 
Component Design Factors 
Production Cost 


Your Classification: 


Value Engineering as a Factor 
In Product Design 


To enlist the much-needed cooperation of the design engineer, 
a value engineer explains his work, also the techniques em- 
ployed to define and obtain essential functions of component 
parts of products at lowest manufacturing cost. Human re- 
lations aspects are stressed. Case histories of savings illustrated. 


B. W. Eades, Stromberg-Carlson Co., Rochester, N. Y. 
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© Quick interpretations of feature article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


* Reprints available—see pages 232 and 242 


To obtain a free copy of the ELECTRICAL MANUFACTURING Subject Classification, circle Number 738 on page |7 


Components, Electrical/Electronic 
Transducers 

Control 
Systems and Servos 


Your Classification: 


Accelerometers and Their 
Characteristics 


A survey of the many types of accelerometers that are avail- 
able today, with particular emphasis on their characteristics 
when used in servo systems such as those found in missile 
inertial guidance. Also includes an account of the problem 
involved in inertial guidance and a list of accelerometer 
manufacturers. 


E. B. Canfield, General Electric Co., Pittsfield, Mass. 


Electrical Manufacturing 1959 November p 117 8 pp 


Your Classification: 
Systems and Servos 
Components 
Magnetic Components 


Static Current and Voltage 
Control Systems 


Circuits and performance data for a current regulator and a 
voltage-sensing system are presented as examples of static 
control technique. The magnetic amplifier, the Zener diode 
and the magnetic reset reactor are used in circuits that exploit 
particular properties of these devices. 


Baruch Berman, ACF Industries, Inc., Paramus, N. J. 


Electrical Manufacturing 1959 November p 157 9 pp 


Materials, Mechanical/ Structural Your Classification: 


Metals 


% Beryllium—the Metal and 
Its Design Potential 


The properties and applications of beryllium and its alloys 
are reviewed. Physical, thermal, electrical, optical and nuclear 
properties are detailed and projected into design considera- 
tions. Design parameters are explored and expanded with the 
aid of charts, tables and graphs. 


F. M. Yans and N. R. Gardner, Nuclear Metals, Inc., Con- 
cord, Mass. 
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Your Classification: 
Integral-Horsepower 
Components, Electrical /Electronic 
Protective Devices 


Design Considerations 
Thermal Design Factors 


Inherent Motor Overheat Protection 
Moves inside the Field Coils 


Spurred by protection problems raised in polyphase hermetic 
motor applications where the ratio of full-load to locked-rotor 
current is low, two solutions to the problem of putting tem- 
perature sensors in the stator windings have been found. Both 
involve semiconductor thermistors, but in opposite modes of 
operation—as non-linear positive and as negative-temperature- 
coefficient resistors. Applications to general-purpose squirrel- 
cage motors are in the offing. 


G. P. Gibson and J. J. Courtin, Westinghouse Electric Corp., 
Buffalo, N.Y., and W. H. Elliot, Cutler-Hammer, Inc., Mil- 
waukee, Wis. 


Electrical Manufacturing 1959 November p 125 8 pp 


Components, Mechanical/Structural Your Classification: 


%* Motor-Blower Selection Factors 


Air-moving impeller performance characteristics and principal 
mechanical aspects are discussed to guide engineering selec- 
tion. Emphasis is on drive and impeller types that are used 
in commercial appliances and equipment. 


David R. Gilda, Torrington Mfg. Co., Torrington, Conn. 


Electrical Manufacturing 1959 November p 166 6 pp 


COMING UP... 


The December Basic Science & Engineering feature will be 
on the subject of Matrix Algebra, in a treatment designed 
specifically for the practicing engineer. Other articles will 
cover Precision Magnetic Amplifiers (a Staff Report), Tests 
on Aircraft and Missile Electronic Insulation, Temperature 
Effects on the A-C Properties of Ni-Fe Alloys, another ar- 
ticle in the Metals Series—this one on Aluminum, Rectifier 
Voltage Transients, Military Specifications for Ball-Bearing 
Lubricants, Hydraulic Pump Servos for Machine Control, 
Design of NOR Logic Switching Circuits, High-Tempera- 
ture Electrical Connections, and Why Protected Motors 
Can Burn Out. 





A new name 


ee a new look 
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We’ve changed our name from UNIVERSAL WINDING COMPANY to LEESONA 
CORPORATION .. . simply because we’ve outgrown the old name. Our present line includes 
products and manufacturing equipment for the electrical and electronics industries as well as for 
the textile field . . . and our research staff continues to develop new machines that will improve 
production, eliminate waste, reduce costs, and make possible better quality. Look for our new 
trade-mark shown here. It stands for the finest in modern craftsmanship . . . products that can | F F . 0 " A 
improve your operations. eer ee 
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LEESONA CORPORATION, P. O. Box 1605, Providence 1, Rhode Island 
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esearch 
Horizons 


Edited by Avex. E. Javitrz, Special Features Editor 


New Aspects in 
Human Factors 


Investigation of human factors in de- 
sign engineering has usually been 
based on the concept of the “man-ma- 
chine” system. Originally, this concept 
was rather revolutionary in its impli- 
cations; but more recently, under the 
impact of complex systems operating 
under extreme environments, this con- 
cept has had to be broadened. Now, 
we must necessarily talk about the 
“man-machine-environment” system. It 
is indicative that, for example, the 
human factors group in one large com- 
pany concerned with space flight pro- 
jects comprises specialists in anthro- 
pology, anthropometry, biochemistry, 
biophysics, psychology and_ psycho- 
servo analysis. The “man” part of the 
overall system must be integrated not 
only into the control system alone but 
also into the environment. 

The chart appearing elsewhere on 
this page reflects the anticipated man- 
power to be applied to various human- 
factor areas within the next decade. It 
will be noted that the critical problem 
areas reflect an orientation toward 
space-vehicle environments. In the area 
of human performance as a compo- 
nent in a specific system or subsystem, 
anticipated manpower requirements 
match those in the environmental area. 
Research in basic human capabilities 
and limitations will require slightly 
less effort than either environmental or 
system problems. Critical problems 
involve the more complex aspects of 
human behavior, such as decision mak- 
ing. information processing, and search 
and detection. 


capacitor, an inductance and a diode 
having a finite back resistance, con- 
nected serially with the anode of the 
diode going to ground. A _ negative 
step-function applied to the series 
circuit initiates a half-cycle transient 
oscillatory voltage terminated by a 
transient oscillatory voltage of sub- 
stantially higher frequency. Circuit 
output is taken at the junction of the 
inductor and diode where a sudden 
voltage rise appears after the initiation 
of the higher-frequency transient os- 
cillations. 

This patent is one of 83 currently 
released to industry by the Atomic 
Energy Commission on non-exclusive, 
royalty-free basis. 


Logarithmic 
Amplifier 


A high degree of stability is achieved 
by a logarithmic amplifier described in 
U.S. Patent No. 2,877,348. The output 
voltage feeds back to a diode in the 
amplifier input circuit, the diode being 
utilized to produce the logarithmic 
characteristics. It is stabilized by a 
second diode connected in series op- 
position. The filament of the second 


diode is operated from the same source 
as the filament of the logarithmic diode. 
A bias current of relatively large value 
compared with the signal current is 
continuously passed through the com- 
pensating diode to render the diode in- 
sensitive to variations in the signal cur- 
rent. Since any voltage changes in 
diodes due to variation in the filament 
power will be cancelled, the stability 
of the amplifier will be unimpaired. 

This patent has also been released 
for non-exclusive, royalty-free licensing 
by the AEC. 


Thermoelectric 
Research Projects 


Practical heating and refrigeration de- 
vices are the objective of a Bureau of 
Ships R & D contract for thermoelectric 
temperature-controlled chambers placed 
with the Research Laboratories of the 
Whirlpool Corporation The project 
specifically calls for the development 
and design of a number of test cham- 
bers (actually small refrigerators or 
ovens) to be utilized by the Bureau of 
Ships for further investigation. 

The commercial implications of the 
basic thermoelectric principles involved 


Anolytical 
research 
Laboratory 
research or 
development 
testing 


The trend in human-factors studies and 
research over the next 10 years. Source: 
Aerospace Industries Association. 


Precision Microsecond 
Time-Delay Circuit 
Delay time in the order of microsec- 


onds is provided by a patented circuit 
(U.S. No. 2,878,382) that comprises a 


Man: years per year 


THIS MONTH’S RESEARCH NOTES 
Breakdown of Plastics Insulation by 
Gaseous Discharges 10 
A Photochromic Memory Element 11 
Current Trends and Viewpoints in 
Dielectrics—II1 To 12 


Basic human 
capabilities 


Miscel- 
loneous 


Escape 8 
survival 


Man-system 
environ- performonce 


ments 


& training 
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Research 
Horizons 


in this research are quite extensive. Ap- 
plications are seen in improved means 
for preservation and preparation of 
food; heating, cooling and purification 
of water; and air conditioning and 
heating. 

The present contract is the second 
R & D contract from the Navy. Under 
the earlier contract Whirlpool studied 


owResearch Note 


the application of thermoelectric cool- 
ing methods to ship’s stores refrigera- 
tion systems. 


Micro-Notes .. . 


Small high-purity single crystals of 
silicon carbide have been grown at 
Stanford Research Institute. Ultimate 
use: semiconductor devices operating 
in range of 1000 C; continuing re- 
search aims at large crystals. . . . Labo- 
ratory development of high-tensile re- 
crystallized synthetic mica sheet with 
an electric strength of 900 to 1300 
vpm is announced by Synthetic Mica 
Company, a division of Mycalex Cor- 


poration of America. . . . Melpar’s 
chemistry laboratory has developed a 
micro-miniature binary flip-flop cir- 
cuit; 15 components are mounted on 
a ceramic hase 0.625 in. sq and 0.020 
in. thick. . . . Specially formulated con- 
ductive copper-bearing paste blended 
with a standard silk-printing vehicle 
is used by Bell Telephone Laboratories 
to print circuit patterns on a ceramic 
base. Printed-wiring cards made by 
this technique can be _ dip-soldered 
without bond failure and without the 
use of corrosive fluxes. Technique is 
adaptable to automatic production 
processes. 


Breakdown of Plastics Insulation by Gaseous Discharges 


Note: The third report in a series 
of summaries of papers on the physical 
properties of polymers presented origi- 
nally at the Silver Jubilee Symposium 
of the Plastics and Polymer Group, 
Society of Chemical Industry, London, 
England, April 15-17, 1958. 


GASEOUS ELECTRICAL DISCHARGES that occur 
between adjacent dielectric surfaces of 
high surface resistivity cause only small 
areas of the dielectric material to be dis- 
charged instantaneously. The discharge 1s 
not continuous; a charge will pass sufh- 
cient only to discharge the local capa- 
citance. The life of several plastics insula- 
tions in the presence of interna] discharges 
at 20 C is given in the accompanying 
graph. 

e@ The life of plasticized polystyrene and 
mineral-filled alkyd is about 70 times that 
of nylon and organic-filled phenolics at 
45 kv/cm. Plasticized polystyrene is 3 to 4 
times more resistant to discharges at low 
stresses than the unplasticized material. 
The life of phenolic samples subjected to 
machining is cut by one-tenth at 50 kv/cm. 
Test data indicate that the resistance to 
discharges in thin-sheet insulation is in- 
versely dependent upon thickness. 

e@ During long-time breakdown at low 
stresses, soft thermoplastic materials like 
polyethylene or nylon have small pits 
eroded in the cavity surface. These pits 
increase in depth until the remaining 
thickness of dielectric is unable to support 
the applied voltage. With hard, brittle 
thermoplastics such as polystyrene, the 
erosion process frequently gives rise to 
surface-crack formation. Breakdown occurs 
through the high electric stresses at the 
limits of these cracks. The surface effect 
for low-intensity discharges is only a slight 
yellowing. For hard, thermoset materials 
such as phenol- or melamine-formaldehyde 
resins, the discharges carbonize the surface 
rather than form pits. Breakdown at high 
stresses occurs in seconds or fractions of 
a second without a great deal of surface 
damage. For “lossy” materials, breakdown 
is due to thermal instability. 

e@ The effects produced by discharges 
are markedly dependent upon the ambi- 
ent conditions. Discharges in moist air 
form nitric acid; nitrates may be formed 


10 


from electrode material or metallic res- 
idues from organic fillers. Highly con- 
ducting surface layers are formed that per- 
mit larger areas to be discharged instan- 
taneously. When discharges occur in cav- 
ities enclosed in a dielectric or between 
spaced dielectric surfaces, two opposed 
effects become apparent: (1) an increase 
in surface conductivity, permitting larger 
areas to discharge instantaneously; and 
(2) a reduction in the stress across the 
cavity at any given voltage. 

e If the applied voltage is sufficient to 
maintain discharges, then, as surface con- 
ductivity increases, the number of dis- 
charges per cycle will decrease and the 
discharge magnitude will increase. At 
some critical surface conductivity the glow 
discharge changes to an arc condition and 
the whole of the cavity surface may be 
discharged instantaneously. The damage 


done to the dielectric increases sharply, 
in some cases causing rapid breakdown. 
For external discharges, the presence of 
conducting layers can lead to flashover 
where stress exists tangentially to the sur- 
face. Permanent conducting tracts may be 
formed on those materials susceptible to 
tracking. 

e@ Except at very low pressures, the 
voltage necessary to cause discharges in 
gases between spaced surfaces decreases 
with decrease in pressure. It has been 
shown that the discharge energy concen- 
tration decreases as the pressure decreases. 
This behavior, and the lower electric stress 
in the dielectric, insure that the damage 
to insulation at the onset of discharges at 
low pressures is less than at atmospheric 
pressure, For a given applied voltage, how- 
ever, the energy input to the dielectric 
surface increases with a decrease of pres- 


Life of Insulation in Presence of Internal Discharges at 20 C 
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sure. The most frequent cause of break- 
down is then the overheating of the 
dielectric resulting from the larger number 
of discharges occuring in a given time. 

e@ When the temperature of a material 
on which a discharge impinges is raised, 
its life is shortened. The accompanying 
table shows the resistances of alkyds at 
various temperatures. 

e Low-pressure polyethylene has twenty 
times less resistance to discharge at 70 C 
than at 20 C. The resistance of irradiated 
polyethylene changes little over the same 
range. Similarly, the resistance of poly- 
tetrafluoroethylene at 105 C is not much 
different from that at 20 C. 


Resistance to Discharge ofan Alkyd Insulation® 


Alkyd material Life in presence of discharges 


(flow-cup test) at 50 cps 





Filler at 20C at 150 C at 200 C 


Curing type 


4 min 
73 min> 
47 hr 


35 min 
55 days 


Mineral 
Mineral 
Glass fiber 
Glass fiber 
Mineral g 
Glass fiber 
Glass fiber 
Glass fiber 
Mineral 
Mineral 


Slow 
Fast 
Fast 
Slow 
Fast 
Fast 
Slow 
Fast 
Fast 
Fast 


200 days 
> 200 days 
>200 days 23 days 
>200 days 19 hr 
>200 days — 
>200 days —_ 
>200 days _— 
>200 days 15 days 
>200}days — 
> 200_days — 


150 hr 
914 min 
16 hr 
18 hr 
7 days 
20 min 


N. PARKMAN 
ELECTRICAL RESEARCH ASSOCIATION 
London, England 


o Research Note 


AT THE INTERNATIONAL SYMPOSIUM on the 
Theory of Switching held at Harvard Uni- 
versity (1)* in 1957, it was pointed out 
that major advances in the science of com- 
puting technology would depend to a 
great extent on the development of better 
two-state switching devices for storage pur- 
poses. Laboratories concerned with ad- 
vanced developments in the computer field 
have concentrated for some time on 
broadening the base of their research in 
two-state (flip-flop) switching devices to 
include many different physical and chemi- 
cal phenomena. Vacuum tubes have become 
relatively obsolete in computer designs and 
are being replaced by various solid-state 
devices such as transistors and magnetic 
elements. 

The photochromic chemico-optical switch 
is an entirely new approach to two-state 
switching devices. It was developed in the 
Dayton research laboratory of The Na- 
tional Cash Register Company as the result 
of combining a company development on 
micro-encapsulation of liquids with a new 
class of light-sensitive dyes. 

Micro-encapsulation. The basic principle 
of micro-encapsulation is to coat or en- 
capsulate tiny oil droplets with a gelatinous 
material. Successful micro-encapsulation 
was accomplished as a key factor in a 
research program intended to simplify 


*TItalic numerals in parentheses refer to Cited 
References at end of article. 


Fig. 1—Photomicrograph of randomly 
distributed and agglomerated capsules, 
particle size approximately 15 microns. 
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® Applied voltage, 18 kv peak. 
» Life shortened by cracking of material at 200 C. 
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A Photochromic Memory Element 


office duplicating processes by eliminating 
carbon paper. A means was developed of 
coating two pieces of paper with chemicals 
which react under pressure to produce a 
visible mark. 

Size and stability of the resultant cap- 
sules can be very closely controlled by the 
technique which is known as “coacerva- 
tion.” Figures 1 and 2 are photomicro- 
graphs (reduced) of actual capsules. De- 
pending upon the desired application, the 
size of micro-deposited capsules can range 
from 0.1 to 1000 microns diam. Rupture 
stability of the capsule wall can be con- 
trolled from a fraction of 1 psi to several 
hundred psi. Permeability of the capsule 
wall to vapors can also be controlled. In 
essence, the capsules can be considered 
“liquids in the solid state” which can be 
handled like powdered materials. 

Light-sensitive dyes. During the develop- 
ment of the pressure-sensitive paper and 
the encapsulation process, research was 
also conducted upon organic dyes and color 
reactions. This work was of great help 
in developing new photochromic mate- 
rials. Chemically these are materials 
which exhibit reversible absorption effects 
upon exposure to electromagnetic energy. 
(2) 

The absorption of electromagnetic 
(radiant) energy by molecules, within the 
ultraviolet and visible regions of the 


spectrum, is a combination of the rota- 


Fig. 2—Photomicrograph of a single en- 
capsulated oil drop showing transparent 
gelatin-capsule wall structure, capsule 
size approximately 30 microns. 
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Fig. 3—Generalized absorption band spec- 
tra of a typical light-sensitive (photo- 
chromic) dye in solution. Curves A and 
B are for solutions containing only pure 
isomers. Curve C is for a solution con- 
taining a combination of the two isomeric 
forms. Curve D illustrates influence of 
temperature on the resolution of com- 
ponent structure in absorption bands. 


tional and vibrational effects produced by 
the molecular absorption of photons. These 
effects in turn are superimposed upon by 
electronic vibrational energy level changes. 
All three effects are additive in a complex 
manner which spectrally can be resolved 
for only a few simple gases. 

Spectra of molecules in solution are fur- 
ther complicated by “damping” effects or 
hindrances caused by inter-molecular inter- 
ferences. This results in a spectral absorp- 
tion band which is generally smooth and 
reasonably symmetrical with a shape ap- 
proaching a probability curve. The combi- 
nation of molecular states or absorption 
centers results in unsymmetrical or irreg- 
ularly shaped bands, as shown in Fig. 3. 
The curve shape and resolution of these 
spectral bands depend upon many factors. 
Reproducible results are possible only 
under precisely controlled experimental 
conditions. 

The composition of the photochromic 
materials has not yet been disclosed, but 
public demonstrations have been performed 
to show what they can do in conjunction 
with encapsulation techniques. A sheet of 
paper is first coated with transparent cap- 
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sules containing a colorless solution of one 
of the photochromic dyes. The coated paper 
is thea exposed to a bright short-wave blue 
light. The paper turns dark blue wherever 
the light strikes it. Exposure to a second 
light source which is of longer-wave yellow 
returns the dark portions of the paper to 
their original colorless state. 

The effect of the blue light is thus to 
excite the photochromic dye molecule from 
its ground-state, colorless form into its 
excited-state, colored form. These two 
molecular forms can be described as 
geometrical isomers, which can be made 
to oscillate back and forth from one state 
to the other. From the absorption curves 
it can be seen that each isomer has a 
maximum absorption of radiant light 
energy over a relatively narrow wave- 
length, Within this particular wavelength 
region only one isomeric form is stable, 
the other being unstable. 

It can be seen how a surface, probably 
plastic or glass, coated with a uniform 
thin film of transparent capsules containing 
a suitable photochromic dye in solution 
could represent the chemico-optical analog 
of magnetic storage devices. “Writing” is 
accomplished by scanning the surface with 
a discrete light beam of the proper wave- 
length to produce the stable colored state. 
“Erasing” would result from scanning with 
a second discrete light beam of the ap- 
propriate wavelength to return the dye to 
its stable colorless form. To be useful in 


mom search Note: 


Hunenen 


computers, the stored information (the 
colored pattern on the surface) must be 
read. Theoretically, this can be accom- 
plished by scanning with a third light 
beam of a “neutral” wavelength which 
would cause only negligible writing or 
erasing. Response to the color pattern 
received from the neutral light would be 
amplified and converted to an electronic 
signal for use in the computer. Depending 
on the system requirements, reading could 
be accomplished either by reflection or 
transmission. 

In principle, it would appear that a very 
high density of surface storage could be 
effected since the capsules can be of such 
a small size. Practical limitations are im- 
posed, however, by optical resolution and 
other system factors. At the present stage 
of the development it is not possible to 
state quantitatively what realistic values 
for storage density will be possible. 

An important factor in this development 
is the temperature at which switching of 
the photochromic material takes place. 
With present materials, the colored state 
is relatively stable (after irradiation) only 
below zero deg C. This temperature does 
not represent a sharp transition point, 
however, such as the Curie temperatures 
of ferromagnetic and ferroelectric mate- 
rials. In addition, the rate of color loss 
(fading) is not linear with rising tempera- 
tures but is an exponential function. 


The switching properties of photo- 
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chromic material systems are also. still 
under investigation. Theoretically, in a 
non-polar solvent, switching times on the 
order of hundredths of a microsec are pos- 
sible. Practical speeds, however, are a 
function of the solvent system used and 
the intensity of illumination obtainable 
from the light source. 

Various approaches to the systems con- 
cept utilizing photochromic memories and 
to the determination of the proper com- 
ponents and techniques for effecting the 
complex functions of writing, erasing and 
reading are currently under study. Suc- 
cessful photochromic memories are ex- 
pected to have all of the potential ad- 
vantages of high-density photographic 
memory systems (3) with the additional 
advantage of being reversible. 


B. K. GREEN 

Research and Development Division 
Tue Nationa Casu REcIsTER COMPANY 
Dayton, Ohio 
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Current Trends and Viewpoints in Dielectrics — Ill 


Editor's Note: Consensus of addi- 
tional (and final) replies to an 
opinion survey conducted in con- 
junction with the annual review, 
“Research Progress in Dielectrics— 
1958,” published in January 1959 
ELEcTRICAL MANUFACTURING. Previ- 
ous installments in this series ap- 
peared in April 1959 and July 1959 
“Research Horizons.” 


@ 1. What trends were in evidence at 
various symposia, conferences and meet- 
ings on electrical insulation? 

a. An attempt to understand insulation 
and dielectric properties in terms of basic 
mechanisms which can be correlated to the 
microscopic nature of materials. 

b. A strong interest in increasing the 
useful operating temperature of insulation. 

c. A growing awareness of the behavior 
of dielectrics and insulation in a radiation 
field. 

d. A continuing (and justified) preoccu- 
pation with the development of test meth- 
ods and criteria for evaluating the thermal 
stability of insulating materials and sys- 
tems. 

e. A continuing trend toward the re- 
examination of old problems (such as 
corona and electrical breakdown) in the 
light of present-day experimental methods 
and theories. 

f. Steadily widening research activity 
in totally inorganic insulation systems in 
connection with ultrahigh temperature re- 
quirements of 500 C and higher. 
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g. Growth in application of fluorocarbon 
gaseous insulation for power equipment. 


@ 2. Which areas in dielectrics and elec- 
trical insulation do you think need the most 
study and investigation? 

a. Evaluation of the thermal stability of 
insulating materials and systems. Although 
great strides have been made in recent 
years, we are a long way from obtaining 
meaningful criteria and tests for the ther- 
mal evaluation of insulation materials and 
systems. 

b. Non-destructive tests (electrical and 
physical) that will indicate the quality of 
an insulation system after it has been 
manufactured. The same tests could fulfill 
the needs of thermal evaluation. 

c. Electrical breakdown—the gap 
tween theory and practice is still 
wide, especially in the case of solid dielec- 
trics. Breakdown is the most significant 
property of insulation, yet our insulation 
practices are still based more on empirical 
knowledge than on basic principles. 

d. The effect of trace impurities on the 
electrical properties of materials is an area 
that still needs much study and investiga- 
tion, as it has for some years now. 


be- 


very 


e@ 3. Are there any important problems 
being neglected? 

a. The most important problem being 
neglected is fundamental investigations of 
dielectric phenomena of known pure mate- 
rials. We still do too much work on com- 
mercial materials of doubtful composition 
and unknown history. This is particularly 
evident in studies of the effects of nuclear 
radiation. 


b. Perhaps the most important problem 
that will face us in the near future is 
insulation that can be used at temperatures 
in the range of 1000 C to 2000 C. At pres- 
ent 600 C is still considered an impossible 
temperature, 

c. More studies of the mechanical prop- 
erties of insulation systems should be made. 
Electrical breakdown is generally con- 
sidered the most important property of an 
insulation, but the majority of failures in 
electrical machines are preceded by me- 
chanical failures. 

d. Not enough work has been done (or 
reported) on inorganic insulation systems. 

e 4. What relation do you think has been 
established between such meetings as the 
National Research Council-National Acad- 
emy of Science Conference on Electrical 
Insulation and equipment design applica- 
tion problems? 

a. The NRC-NAS meetings foster a bet- 
ter understanding of the basic principles 
involved in applying electrical insulation. 
So much of equipment design application 
is empirical and according to formula that 
the engineer tends to lose sight of the 
basic principles involved. Meetings of this 
sort promote insulation practices from an 
art to a technology. In the long run, it 
should prove very beneficial to expose the 
design engineer to some of the so-called 
“long-haired” work going on. 

b. Although the engineer does not neces- 
sarily gain immediate advantage from 
NRC-NAS Conference meetings, he should 
and does obtain longer-range information 
useful to him to a degree limited only by 
his own desire and ability to study. 


ELECTRICAL MANUFACTURING 





WITH HEINEMANN CIRCUIT BREAKERS 


YOU WRITE THE PEFORMANCE SPECS 


EXACTLY AS YOU WANT THEM 


Electrical and electronic equipment is best pro- 
tected against overcurrent when the protection is 
closely matched to the equipment operating char- 
acteristics. It’s something like the difference in fit 
between a ready-made suit off the rack and a 
custom-tailored one made to measure. 

Heinemann gives you the custom-tailored fit — 
when you need it. 

Take current ratings, for example. With Heine- 
mann breakers you can get the precise rating re- 
quired—even if it’s a fractional value such as 3.4 
amperes. No second-best compromises necessary. 

There’s a choice of time-delay characteristics, so 
that you can obtain just the right correlation be- 


tween tolerable overload and tripping response. This 
eliminates a lot of guess-work and uncertainty. 


If you need exceptional ruggedness, there are 
breaker models specially designed for difficult en- 
vironmental conditions. And if small size is essen- 
tial, Heinemann can offer you a sub-miniature 
breaker no bigger than a matchbox. 

With this kind of special service routinely avail- 
able, it’s small wonder that Heinemann circuit 
breakers are so widely used. Perhaps you can use 
them too. For a clear, concise view of the Heine- 
mann product line, send for Bulletin 301. It’s a 
handy shopping guide for your reference shelf. 


HEINEMANN ELECTRIC COMPANY <@> 99 PLUM ST. TRENTON 2, N.J. 
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XTRAS 


that make a 
GOOD tube 


HIGH-SENSITIVITY 
VHF UHF TWIN TETRODE 


with these Amperex EXTRAS: 
e maximum ratings to 250 Mc 
e reduced ratings to 500 Mc 
e 40 watts anode dissipation 
© powdered glass base and top 
for greater mechanical strength 
e internal neutralization 
e typical VHF/UHF life over 5 years 


TYPICAL RF OPERATION, CLASS C, PUSH-PULL 
ccs ccs ICAS 
OC Plate Voltage 750 600 750 volts 
DC Grid No.2 Voltage 250 250 250 volts 
DC Grid No. 1 Voltage —80 —80 —80 volts 
DC Plate Current 2x80 2x100 2x90 ma 
DC Grid No. 2 Current 17 16 14 ma 
DC Grid No. 1 Current 
(approx.) 2x1.5 2x2.5 
Driving Power (approx.) a 3 
Power Output (approx.) 85 90 
Frequency 250 200 


2x1.7 ma 
6 watts 
96 watts 
250 Mc 


Other Amperex replacement favorites: 


6146 High-sensitivity beam power tube 
6360 High-sensitivity VHF/UHF twin 
tetrode; 14 W anode dissipation 
6939 Miniature UHF twin tetrode; 
5 W anode dissipation 


866AX Mercury vapor rectifier 
ask your distributor 
about extra-quality 
Amperex 
s replacement tubes 
Amperex ELECTRONIC CORP. 
230 Duffy Avenue, Hicksville, L. I., N. Y. 
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Random Comments of the Editors and Readers 


The MKSA System 


Once more ELEectTRICAL MANUFACTUR- 
ING almost hecomes my favorite maga- 
zine because of your statement on 
page 14 (September issue) in which 
you say you are going to use the word 
“picofarad” from now on. (I'll bet you 
will be able to count on the fingers of 
one hand the number of times you will 
have to say “micropicofarad”). 

Incidentally, the picofarad is not 
only approved by the Bureau of Stand- 
ards, but the IRE has been in favor of 
it for a long time and the ASA will 
approve it officially in Section 05 of 
American Standard C65, “Definitions 
of Electrical Terms.” 

In the first sentence I said “almost” 
you still haven’t cleared up 
the proper usage of the graphical sym- 
bol for transistors and diodes. In many 
of the diagrams in the current issue 
the arrowhead in your transistor sym- 
hols is allowed to touch the base line. 
This is expressly ruled out in the IRE, 
ASA and MIL Standards. Further- 


because 


wasnt aThe Dynamic Nature 


Equipment design and equipment man- 
ufacturing could not function without 
the support of operating standards and 
continuous standardization programs, 
but we cannot accept standards as 
being static entities in the body of 
contemporary technical and engineer- 
ing knowledge. Standards must be 
viewed as potentially dynamic. We must 
look on standards as growing out of 
the nature of materials and the pre- 
scribed needs of design. 

Our progress in standards during, 
say, the past three decades began 
with an answer to the challenge of the 
then new synthetic materials that in 
many instances (such as insulation) 
replaced many natural products. To- 
day’s challenge is that of the so-called 
space age. The extreme environments 
under which our equipments are now 
required to operate strain to the ut- 
most the capabilities of existing ma- 
terials and materials systems. These 
strains have an impact also on existing 
standards. Standards have to be pitted 
against current design requirements 
and performance parameters. 

In certain aspects the history of stand- 
ards for the past two or three decades 
almost parallels that of materials. If 
we were to plot a curve, showing prog- 


more, according to those same stand- 
ards, the arrowhead in the diode 
symbol should be filled, not an open 
arrowhead. 

With those problems under control. 
won't it soon be time to start cam- 


_ paigning for complete conversion to 


the MKSA system of weights and 
measures? Our refusal to abandon the 
obsolete English system gives us plenty 
of headaches when we attend IEC 
meetings in Europe and, besides, with 
everyone buying foreign cars, we are 
soon going to have to deal almost ex- 
clusively in metric threads and many 
other factors of the metric system. 
H. R. TerHuNE 
Manager of Standards 
ITT Laboratories 
Nutley, New Jersey 


Editor’s Note: We are always grate- 
ful for reminders, including second 
reminders such as this letter from Mr. 
Terhune. Establishing a new standard 


or convention is an uphill task—one 


of Materials Standards * 


ress in the development of new materi- 
als against time for the last decade, the 
rise of the curve would be relatively 
slow for the first half of the decade. 
but would begin to move up sharply 
for the second half. Also significant 
would be this point: some of the ma- 
terials that were introduced in the late 
40’s on an experimental basis were 
ahead of possible applications. This is 
very much in evidence in some areas 
of electrical insulation with materials 
such as silicones and fluorocarbons. In 
other words, the chemist and physicist 
created these materials and industry 
then began to seek uses for them. In 
more recent years, the situation has 
shifted drastically. The demands of 
equipment and systems design 
eration, life and environmental de- 
mands—began to move ahead of the 
performance capacity of present ma- 
terials. We are today forced to postu- 
late materials for the future. Experi- 
mental efforts are being pursued to 
validate the postulates. 

[Abstracted from a lecture “The Influ 
ence of Contemporary Design Needs on 
Insulation Standards,” by Alex E. Javitz, 
AIEE Course on Development in Insula- 
tion Practice, New York, September 22, 
1959.) 
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another Cutler-Hammer first... 
STATIC-POWERED TRANSISTORIZED 
REGULATOR MODULES 


To simplify the design and assembly 
of the regulating systems for the 
Ultraflex Adjustable Speed Packaged 
Drive, Cutler-Hammer developed a 
complete line of compact regulator 
modules. These units provide a new 
economical, time-saving ‘‘building- 
block”’ approach to the fabrication of 
speed regulators, current regulators, 
etc. All modules are static, transistor- 
ized, and encapsulated for maximum 
reliability and space-saving compact- 
ness. No electronic tubes are used. 
Terminal-board wiring between mod- 
ules, front-adjusting potentiometers, 
POWER SUPPLY Provides static power and easy-access fuses are plus features 
conversion of A-c line voltage into two that speed assembly operation and 
channels Of O-c, one to power other mod- maintenance. Write today for the new 
erence voltage. Available in several sizes descriptive Bulletin ED102-W-231. 
Cutler-Hammer Inc., Milwaukee 1, 
Wisconsin. 


COMPARATOR This adjustable gain POWER AMPLIFIER Amplifies the out- 
amplifier monitors a feedback signal, put voltages from other modules when a 
compares it with a reference input, then stronger signal is required .. . frequently 
generates a corrective output error signal used as a pre-amp to magnetic amplifiers. 


CROSS-OVER Designed to progres- 
sively regulate both the armature voltage 
and shunt field excitation, the cross-over 
converts a single input Into two output 
signals 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A. 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation. 
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“MADE BY ENGINEERS FOR ENGINEERS” 


to 
YOUR 


specifications 


FOR 40 YEARS we've built Blue Chip 
cord sets, tailored to the particular 
needs of America's top electrical manu- 
facturers. Let CORNISH Rugged Indi- 
viduals enhance the performance of 
your equipment and the prestige of your 
name . . . despite heat or cold, shock 
or vibration, ozone or chemical hazards 

- in rubber, neoprene or plastic . . . 
in decor colors if specified. 


CONSULT US WITHOUT OBLIGATION 


\ \g 


ee TR a ees 


ADEQUATE 50 Church Street New York 7, N.Y. 
WIRING BUREAU 


Program 


Support your local 


CHARLOTTE @ CHICAGO @ CINCINNATI 

DENVER @ DETROIT @ KANSAS CiTy 

_ @ PHILADELPHIA PITTSBURGH 

@ SAN FRANCISCO @ SEATTLE @ WILLIAMSTOWN 
@ Stock carried ‘ 


Producers of Quality Wire Products for Home, Farm and Industry 
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difficulty in technical publishing in this 
respect is the multiplicity of sources of 
material. We have just received, for 
instance, an excellent engineering 
handbook by one of the semiconductor 
device industry leaders, in which not 
only is the symbol for transistor in- 
correctly shown, but this statement is 
made: “Since no standard symbols have 
been adopted by industry, the follow- 
ing have been used [here].” We’ll have 
to resort to the promise that we'll keep 
trying. A.E.R. 


Electronic Components — 
Art or Science 


To speak of the “art” of electronic 
components may have been cogent 
some years ago, but in the context of 
current design requirements, “art” 
alone is not sufficient. The design, pro- 
duction and service reliability of elec- 
tronic components (and devices) must 
necessarily be a function of funda- 
mental theory and scientific disciplines. 

It is significant, therefore, that the 
1960 Electronic Components Confer- 
ence, to be held in Washington, D. C., 
next May 10, 11 and 12, has taken for 


(Continued on page 240) 


THIS MONTH’S COVER 


movemers i059 


Electrical 
Manufacturing 


Sampled-data systems are closed-loop 
control systems in which the error sig- 
nal is sampled periodically (by a 
switch, an analog-digital converter, dig- 
ital controller, or some similar device) 
rather than being connected continu- 
ously to the system. The block diagrams 
on the cover are some various possible 
configurations of such systems. To the 
right of these is a root-locus plot in the 
z plane for a typical system. The way 
in which this very important technique 
is used in the analysis of sampled-data 
systems is described in this month’s 
special Basic Science & Engineering 
feature which begins on page 137. 
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ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising 
and editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply te 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
ef card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 
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556 573 590 641 727 144 
642 728 748 
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Inquiry Cards from any page in issue 


Electrical 


Manufacturing 





ONE Reader Inquiry Service post card— 
king size for legibility—will bring you in- 
formation regarding anything published in 
this issue. That goes for both advertising 
and editorial pages. 

To provide a quick facility for requesting 
further information on anything mentioned 
in the editorial or advertising pages, each 
item or ad has been assigned a key number. 
Corresponding numbers appear in the respec- 
tive grouping of the Reader Inquiry Service 
post card below. 

Simply circle the numbers that apply to 
specific editorial items or advertisements in 
which you are interested. 

Your information requests will be for- 
warded promptly—within 48 hours of receipt 
of card. To expedite, please print or type 
your name and address, also be sure to indi- 
cate the principal product of your plant or 
laboratory. 


Cards will be processed by Publisher 
if received by January |, 1960 


READER 
INQUIRY 
SERVICE 


BUSINESS REPLY MAIL 
No Postage Stamp Necessary If Mailed in the United States 


POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


205 East 42 Street 
NEW YORE 17, N. Y. 















Advertised Products 


Circle key numbers of those advertisements if 
you desire more information about what is ad- 
vertised. 


New Components and Materials 


Reviews of new developments starting on 
page 272. 


New Literature 


Latest catalog and bulletin offerings starting 
on page 250. 


Reprints of Editorial Features 


Article reprints, available without charge, are 
listed on page 232. For Basic Science Reprints, 
see Order Form on page 242. 


FIRST CLASS 
PERMIT NO. 16734 





NEW YORK, N. Y. 





OPEN OUT FOR CONVENIENCE IN CHECKING INQUIRY CARDS 


READER FIRST CLASS 
INQUIRY PERMIT NO. 16734 
SERVICE NEW YORK, N. Y. 


BUSINESS REPLY MAIL 
No Postage Stamp Necessary If Mailed in the United States 


POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


205 East 42 Street 
NEW YORK 17, N. Y. 


READER FIRST CLASS 
INQUIRY PERMIT NO. 16734 
SERVICE NEW YORK, N. Y. 


BUSINESS REPLY MAIL 
No Postage Stamp Necessary If Mailed in the United States 
POSTAGE WILL BE PAID BY 


Electrical Manufacturing 


205 East 42 Street 
NEW YORK 17, N. Y. 





A TYPICAL EXAMPLE: 
Cuts Its own thread— 


Shakeproof's® Type 25 Thread-cutting 
Screw saves time because it eliminates 
tapping. Blunt point assures maximum 
thread engagement and high holding 
strength when driven into a relatively 
thin panel. 


Shakeproof has pioneered in developing ingenious, cost-cutting 
fasteners for plastic applications. The screw featured above not da 
only taps its own hole—often it eliminates costly threaded in- assembly savings with 
serts. Another Shakeproof development, the Type 17 self-drilling : 

Nibscrew®, both drills and taps as it is driven. A Shakeproof | engineered 
Dished Lock Washer compensates for differential in expansion | tasteners 
between plastic and metal. ..temperature changes won't loosen 
the assembly. 


For highest quality fasteners that assure faster assembly and 
lower costs investigate the Shakeproof line. There's a Shakeproof 
fastener to meet your need—or Shakeproof engineers will de- 
velop one for your specific application. 








WRITE FOR NEW SHAKEPROOF BULLETIN NO. 300 
Shakeproof Bulletin 300 shows ten typical, profitable applications 
of Shakeproof fasteners on products using plastics. Offers free 
samples for testing. Send for your copy now. 


SHAKEPROOF 


‘‘FASTENING HEADQUARTERS''® 


DIVISION OF ILLINOIS TOOL WORKS 


St. Charles Road, Elgin, Illinois 
In Canada: Shakeproof/Fastex 
Division of Canada Illinois Tools Limited, 67 Scarsdale Road, Don Mills, Ontario 
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“_ .O75 "MAX DIA. 


SOLDER LUG 
430° 
MAX WIDTH 
026 
een New 4 Amp Silicon Rectifiers (Temperature Range —65°C to +-165°C) 
NON-INSULATED INSULATED | Peak Operating | Ave. Rectified Current Reverse Current 
Voltage max. uA at Specified Voltage 
Cathode to Anode to , 
Stud Stud 


1N2512 | 1N2512R/ 1N2518 


eee Ae 1N2513 | 1N2513R| 1N2519 
5075 «| AN2514| 1N2514R| 1N2520 
“Ax C/A’ | 142515 | 1N2515R| 1N2521 

1N2516 | 1N2516R| 1N2522 


275 MAK. 1N2517 | 1N2517R| 1N2523 
2 MAX = 
—. 
Yi6"HEX(A.F) 
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High Speed Switches (Temperature Range — 65°C to +175°C) 


Vee ) 
Type Vee = 6 volts : 

max. volts max. pA , j 

2N1386 25 3 30 60 60 

2N1387 30 3 20 50 60 
eq 

Vew Ico t a." Rour* Power Gain 

at 10 Mc at 10 Mc at 10 Mc Bandwidth 


Vin = 15 volts ave. ave. ave. Product 
max. volts max. wA ohms ohms decibels ave. Mc 


‘2N1388 4 E 5000 20 75 
2N1389 50 5 5000 15 45 
2N1390 20 8@ 6V 12 Se 


*Measured resistive component of the impedance 


High Voltage PNP (Temperature Range —65°C to +. 160°C) 


Ves Vee Teo Ves 
Type == 0. 
max. volts max. volts max. uA : 


| anaz7s_ | -100 | -80 | 





max. volts 


25 
20 
15 


Circuit 
Usage 


max. volts 


2N1366 Converter 12 
2N1367 IF 12 


*Conversion Gain 


SEMICONDUCTOR DIVISION 


® RAYTHEON COMPANY 


SILICON AND GERMANIUM DIODES AND TRANSISTORS «+ SILICON RECTIFIERS + CIRCUIT- PAKS 
New York, Plaza 9-3900 + Boston, Hillcrest 4-6700 * Chicago, NAtional 5-4000 » Los Angeles, NOrmandy 5-4221 + Orlando, GArden 3-1553 


Syracuse, GRanite 2-7751 * Baltimore, SOuthfield 1-0450+ Cleveland, Winton 1-7716+* Kansas City, Plaza 3-5330+ San Francisco, Fireside 1-771 1 
Canada: Waterloo, Ont., SHerwood 5-6831 « Government Relations: Washington, D. C., MEtropolitan 8-5205 
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LIMIT SWITCHES WITH 

1%” OUNCES SENSITIVITY... 
IMMUNE TO 

VIBRATION 


National Acme Super-Sensitive [jjmit Switches provide 
the highest possible degree of contrd§reliability. Extremely 
compact, they are sensitive to forces gs low as 1'»’’ ounces*, 
and yet have machine tool ruggedne@ to withstand vibra- 
tion. Reliable, accurate service isW@assured throughout 
millions of contacts. 

For extreme operating flexibility, oer cam adjust- 
ment lets you set 90° pre-travel anywlgre within a 180° 
arc. The steel trip rod, available in leagths to 10”, is 
readily lengthened or shortened by « Appl set screw 
adjustment; can be bent or welded for e hook-up to 
other linkages. Correct contact pressure is @asily set by 
a steel spring adjustment insuring split seco contact 
ten times normal switch life. Micro switch unit,is fully 
enclosed for lasting protection against dirt and nig. 

Select from a complete line of National Acme Btmnit 
Switches for any control application. Write for Li 
Switch Bulletins containing detailed information stating* 


your requirements. *at 10” ., 


me , 


National => | 
THE NATIONAL 
ACME COMPANY 


176 E. 131st STREET 
CLEVELAND 8, OHIO 


Sales Offices: Newark 2, N.J.; Chicago 6, Ill.; Detroit 27, Mich, i 
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MIN. WALL 


THICKNESS 


005” 


WHEN DIE CAST with 


These tiny zinc die cast electrical contact socket cups 
have a minimum wall thickness of .005”— the thinnest 
wall section ever die cast. Designed by Omaton Division 
of BURNDY CORPORATION, they more than meet Govern- 
ment specifications and are adaptable for many types 
of solderless multi-contact connectors. 

It takes 10,371 of the smallest cups to weigh a pound 
and they are 20% lighter than the ones formerly made 


from drawn steel. Each is precision die cast to a remark- 
able degree of uniformity and accuracy, despite the 
complex design. 

Such extremely thin-wall sections — possible only with 
zinc die castings—frequently eliminate competition from 
all other materials and production methods. |n addition, 
ZAMAK zinc die castings provide many more advantages 
—and all at lower cost. 


HORSE HEAD® SPECIAL ZINC AND HORSE HEAD ZAMAK ARE PRODUCED BY 


THE NEW JERSEY ZINC COMPANY 


DEVELOPERS OF THE ONLY STANDARD ZINC DIE CASTING ALLOYS IN USE TODAY 
160 Front Street - New York 38, N. Y. 
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important new fractional 


Now! Induction Motor... 


gives you finest big-motor performance 
in a rugged small-motor package! 


3” Diameter 
Sturdiest Frame in the 
Small Motor Field 
Single or Double Shaft 
All Types of Mounting 


A New Cost-Saver for Typewriters, 
Business Machines, Tape Recorders... 
Even replaces many Inexpensive 
Shaded Pole Applications 


A new triumph in small-motor design! In almost 
every case this powerful new induction motor will 
cost less, perform better... than any comparable 
motor you are now using, or can buy elsewhere! 
Available in hysteresis synchronous, permanent split 
capacitor, split phase and capacitor start models 
with 4 pole ratings from 15 milli-horsepower to 


1/20 h.p. Mounting and performance characteristics 
can be designed to your particular application 


requirements. Be sure to check with us on this 


outstanding new induction motor achievement. 


Mail this coupon today for complete information and free catalog it 
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5 Year Guarantee on this new 
patented* Unit Bearing Motor! 


Ideal for Fan, Pump, Gear Box and many other 
Applications... Now used by leading manufacturers 
for Frost-proof refrigeration 


FIRST LOW COST UNIT WITH PRECISION BEARINGS e NEEDS NO OILING 
e TESTED FOR PERFORMANCE FROM —10° TO 250°F. 


This exceptionally economical new unit bearing motor has a patented 
bearing construction that assures long, unattended life. It is fully guar- 
anteed for 5 years—with a life expectancy of 10 years of continuous 
duty as shown by rigid lab tests. Available for a wide range of ambients, 
with skeleton frame or housed construction . . . tailored to suit your 
Model 1085 — individual mounting requirements. Now being widely used to circulate 


2 pole, unit bearing—1/750 to 1/185 ine 6 . ; ase 
air for frost-proofing refrigerator units. Low - 
h.p. No load RPM: 3400; Full load P & 8g units. Lowest prices in the field 


RPM: 2600-3200 or lower find out for yourself! 
*Pot. No. 2,904,709 


H.P motor developments: 


Motor Parts Sets than ever 


P with Howard's new, modern, semi- 
If 
automated production facilities! 


Cut costs on every product that uses individual motor parts with 
Howard's complete, quality-built and low priced line! Sets include 
armatures and fields, brushes and brushholders, rotors, stators and 
fans—in any combination as needed. If parts sets are your 
concern, let us show you our truly competitive line! 


HOWARD INDUSTRIES, INC., 1720 STATE ST., RACINE, WIS., Telephone ME 2-2731, Teletype: RAC344 
Sales Offices: 


EE EE EE ES SS SS SN Camden, New Jersey, 300 Broadway, WO 4-9733 


Chicago 4, Iil., 208 S. LaSalle St., CE 6-5126 
HOWARD INDUSTRIES, INC., 1720 STATE ST., RACINE, WIS. Cincinnati 2, ©., 1077 Celestiol St., PA 1-2985 


Please send me complete information on: Festus, Me.. 1OGP Frans Sieset: VE PONS 
Los Angeles 36, 942 S. La Brea Ave., WE 8-2444 


[1 NEW 3” INDUCTION MOTOR [] NEW UNIT BEARING MOTOR New York 1, Empire State Bidg., LO 4-7992 
[] MOTOR PARTS SETS [] PLEASE HAVE A HOWARD REPRESENTA- Tyler, Texas, 2512 Sheryl Lane, TY 4-5355 


TIVE CALL ON ME = [_] PLEASE SEND ME A FREE HOWARD CATALOG Representatives in Principal Cities — Consult Your Classified Phone Book 


NAME 





G@® ELECTRIC MOTOR CORPORATION 
@ CYCLOHM MOTOR CORPORATION 
COMPANY — @ RACINE ELECTRIC PRODUCTS 
ADDRESS (5) LOYD SCRUGGS COMPANY 
OTE cssiccartieeiaaiaeiptatiainieln sil I tienes NWN cicisciciniiaainiaiaaanalilicanaiaiae 

I 


acne es ce eS DSS TD SPSS NSS SD 


TITLE 
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ideas on “Customeered ” 


RUBBER PARTS 


.--their design and application for improved product performance 


“Customeered” 
components 
basic to industry 


Bonded-rubber component 
assures higher accuracy, 
longer operating life of 


vehicle detector contact unit 


Pressure-sensitive detectors installed 
flush with roadway surfaces are vital fac- 
tors in today’s ever expanding vehicular 
world—are used for traffic control, toll 
collection, automatic door opening, etc. 

A contact unit produced from 
molded-rubber bonded to heavy-gauge 
and thin-gauge metal strips serves as 


an actuator in the detectors. The pres- 
sure of a vehicle passing over the con- 
tact unit mounted on a steel frame 
below the surface of the road puts the 
detector to work—initiates a count or 
any specific action the detector is 
designed to perform. 

The requirements for the sandwich- 
like bonded-rubber component com- 
prising the contact unit: A completely 
waterproof and airtight air space within 
the full length of the one-foot wide 
units produced in varying lengths of 
four, six, eight and ten feet; resistance 
to the harmful effects of constant ex- 
posure to weather, sunlight, salt, oil and 
tire chains; an operating life involving 
a minimum of many millions of cross- 
ings by all types of vehicles. 


PHOTO COURTESY AUTOMATIC SIGNAL DIVISION, EASTERN INDUSTRIES, INC 


No. 2 


8-ft. rubber-metal ‘sandwich resists chewing 
by weather, oil and millions of vehicles 


The resulting design involved an 
exceptionally difficult molding and 
bonding job. Included were combina- 
tions of hard and soft rubbers. Careful 
attention had to be paid to many impor- 
tant and minute details of production 
and intricate design not only to meet 
the customer’s stringent requirements 
for longer operating life but also to 
make good on rigid PSI specifications. 

Ohio Rubber’s wide and varied ex- 
perience in “customeering”’* to unusual 
specifications, as well as its broad, up- 
to-the-minute manufacturing facilities, 
were both equal to the challenge— 
successfully met all the requirements. 
The bonded, molded-rubber contact 
units are in regular production at 
Ohio Rubber. 
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Sewer-Pipe Seal — Precision extrusion of 
high specification rubber by Orco provides 
an effective new approach for obtaining 
sealed or “premium joints” in sewage dis- 
posal lines—prevents surface water infiltra- 
tion to reduce treatment costs. Available in 
a wide range of popular sizes, plus close 


tolerances, for concrete as well as clay pipe. 
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DIRECTION OF FLOW 


Orthane Valve Seat— Durable as the 
hardest steel yet resilient enough for seal- 
ing, this valve seat of molded polyurethane 
by OrCo is used in specialized oil field 
operations where it must successfully with- 
stand the highly abrasive impact of raw 
crude oil mixed with gravel at pressures 
which often go as high as 20,000 PSk 
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MOLDED-RUBBER TUBE STORES 
AND PUMPS CLEANING FLUIDS 


A most important part in the new Swirl- 
away Cleaner for walls, upholstery, 
woodwork, etc. is a molded-rubber tube 
which serves both as a secondary stor- 
age tank and vacuum pump for cleaning 
fluid. Unusual in shape and require- 
ments the tube involved a complicated 
mold, close tolerances, and a control 
rate stock with particularly high resist- 
ance to harsh chemicals normally found 
in detergents. Problems on the design 
and production of this intricate rubber 
component were successfully worked 
out by engineers at Ohio Rubber where 
the part is now produced. 


RUBBER-METAL PUMP IS KEY 
TO NEW DISHWASHER FEATURE 


A vital component in a dual action 
pump which makes possible a “flush- 
away drain” feature in the dishwashers 
of a leading manufacturer, is a rubber- 
metal housing. Since rubber was re- 
quired at several points for sealing and 
vibration absorption, the manufacturer 
asked Ohio Rubber engineers for help 
in designing and producing a pump 
housing of molded rubber bonded to 
a carbon-steel frame or insert. The 
material in the housing, which is in reg- 
ular production at Ohio Rubber, also 
fully protects the frame from corrosive 
effects of both water and detergents. 


THERE ARE MANY MORE EXAMPLES 


of how Ohio Rubber’’Customeered’’* 
components are helping to improve 
product performance for outstand- 
ing original equipment manufac- 
turers in every industry. For more 
information on Ohio Rubber “Cus- 
tomeering’”*— molding, extruding, 
bonding-to-metal — with rubber, 
synthetic rubber, silicone rubber, 
polyurethane and flexible vinyl, 
write today to The Ohio Rubber 
Company, Willoughby, Ohio. se 


* Trademarks of The Ohio Rubber Company 


Quio RUBBER 


COMPANY 


Willoughby, Ohio 


A DIVISION OF THE 
EAGLE PICHER 
COMPANY 





THEY 
LOOK 
> ALIKE 


© Tere’ A 
==” IMPORTANT 
DIFFERENCE 
INSIDE!’ 
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Sparton Automotive switches to Reynolds Aluminum 
strip conductor ... eliminates 11 parts, lowers costs, 
improves design, simplifies production. 


NOVEMBER 1959 


One of the biggest advances in auto- 
motive horn coil design was accom- 
plished this year when Sparton Auto- 
motive switched from magnet wire 
coils to Reynolds Aluminum Strip 
Conductor. Sparton will be using mil- 
lions of these coils for 1960 automobiles. 

The decision to change to aluminum 
strip conductor came after many 
months of testing and research in col- 
laboration with Reynolds engineers and 
laboratories. The reason for the changes 
were many... 


Lower Costs... in terms of equal 
conductivity aluminum is lower in cost 
than other conductors. . . eleven parts 
were eliminated reducing the cost of 
the overall unit . . . interleaving ma- 
terial used with strip conductor is more 
economical than magnet wire insulation. 

improved Performance... higher 
dielectric strength because of interleav- 
ing material . . . turn-to-turn voltage 
breakdown is reduced . . . space factor 
is much higher than round magnet wire 
. .. arrangement of magnetic lines of 
flux is more uniform . . . heat dissipa- 
tion is improved . . . less hot spots. 

Simplified Production ...no bob- 
bin flanges or winding spools needed 
... impregnating and baking coil not 
necessary as with wire coil... indefi- 
nite choice of conductor area (by width 
and gauge) as opposed to copper 
wire. . . insulation stresses created in 


winding do not occur in strip winding. 

Sparton Automotive realized all of 
these advantages . . . you may too by 
considering Reynolds Aluminum Strip 
Conductor in electro-magnetic appli- 
cations. 

Reynolds Aluminum Strip Conduc- 
tor is available in two forms, inter- 
leaved or anodized. The interleaved 
form is furnished by Reynolds in coil 
form and can be wound with the cus- 
tomers choice of interleaving material. 
Anodized strip conductor is custom- 
arily used in the heavier gauges in 
transformers, magnetic clutches, and 
brakes. Whatever the choice you can 
depend on Reynolds, the acknowledged 
pioneer in the development of strip 
conductor. Our engineers have worked 
on hundreds of these applications. 
For more information contact the 
nearest Reynolds Sales Office or write 
Reynolds Metals Company, Box 2346-ED, 
Richmond 18, Virginia. 


The Finest Products 
Made with Aluminum 


Ame TL 


REYNOLDS G23 ALUMINUM 


Write to address above for brochures on Reynolds Aluminum 
and anodized and interleaved strip conductor. 


Watch Reynolds TV shows—“ALL-STAR GOLF” and “ADVENTURES IN PARADISE" — ABC. TV, 


REYNOLDS ALUMINU 
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NEW McGILL 1901 SERIES 
30 AMP. MOMENTARY 
CONTACT SWITCHES 


ELECTRICAL RATING 

30A, 125 or 250 V AC (non-inductive) 

25A, 125 or 250 V AC (inductive) 

1 HP, 125 V AC 

2 HP, 250 V AC 

2A, 125 V DC 

2A, 250 V DC 

Already specified for major appliances, outboard 
motors and other applications where durability and 
higher ratings for switch size can simplify assembly 
and eliminate auxiliary components. 


MGILL QUALITY 
ADDS DEPENDABILITY AT LOWER COST 


This new switch reflects the quality built into McGill 
LEVOLIER switches and electrical specialties for over 
fifty years. Sound design, selected materials and pre- 
cise manufacturing methods provide guaranteed per- 
formance at lower initial and operating costs. Depend 
on McGill switches to help build quality, reliability 
and long, maintenance free life into your product. All 
exceed Underwriters’ requirements. 


1901 SERIES SWITCHES 
Simplified switching action utilizes two precision 
wound stainless steel springs — one controls the actua- 
tion and the other maintains constant evenly distrib- 
uted pressure on the contacts. Bouncing is eliminated. 
Solid copper bridges and contacts are inlaid with silver 
ACTUAL SIZE cadmium oxide. Standard as SPST NO or NC, SPDT 
and SPST 2 ckt. with six types of actuators. Also 15 
amp. models. 3 


“evotier® TOGGLE SWITCHES 


Enclosed in impact resistant molded phenolic, all 
basic LEVOLIER toggle switches are dust and 
vibration proof. Available as standard in 6 amp. to 
15 amp. models with added DC and HP ratings. 
Single, 2 circuit and 3 way. Choice of wire leads, 
screw terminals, soldering lugs or spade terminals 
on most models. 


SPECIAL SWITCHES TO MEET YOUR SPECIFIC NEEDS 


In addition to the standard stock McGILL line of switches, special switches 
have been designed for many well known appliance, electrical and elec- 
tronic equipment manufacturers. If you have a special switch require- 
ment, ask McGILL Electrical Division Engineering to review the problem 
with you and apply their specialized experience to recommend the proper 
standard or specially designed switch for the job. 

For complete information on the entire McGILL ELECTRICAL SPECIAL- 
TIES line, write for free catalog #84. 


engineered electrical products =—* ——wwvwvv-> 


CEILE 


precision needle roller bearings 
McGILL MANUFACTURING COMPANY, INC., ELECTRICAL DIV., 700 N. CAMPBELL ST., VALPARAISO, INDIANA 
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NEW PLANT 


You are cordially invited to visit 
us in our new factory — 242,000 
sq. ft. of busy and well-organized 
manufacturing capacity. 
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<> | NEW MATERIALS GIVE PRODUCT PLANNERS FREE REIN 


A few years ago, the management man with 
new products on his mind had to think of how 
to make them in terms of the limited choice of 
materials then available. Now, he first dreams 
up the desirable qualities his product should 
have, then selects the materials that meet these 
requirements. Plastics are one important reason 


for this big difference between yesteryear and 
today. Many different combinations of prop- 
erties are available in plastics formulations and 
the selection grows wider every day. New de- 
velopments in plastics materials, such as those 
reported below, provide plenty of ideas for new 
product planners. 


NEW PLASTIC MAKES 
LUMINOUS CEILING IDEA COME TRUE 


Unique suspended ceiling material 
made of Dow thermoplastic 
forms an unbroken luminous ceiling 
line, yields more light. 


An architectural products manufac- 
turer recently approached Dow with 
an idea for a new product. They knew 
exactly what they wanted, but knew of 
no material that would meet their re- 
quirements. They wished to manufac- 
ture a grid panel for use in suspended 
ceilings that would diffuse light to 
create the effect of a continuous 
luminous expanse of infinite dimension. 
The material they sought must be 


molded into intricate shapes, be dimen- 
sionally stable and have exceptional 
non-yellowing and light diffusing 
characteristics. 

Fortunately, Dow was getting ready 
to introduce a new material that met 
these requirements perfectly. In a short 
time the manufacturer had his material 
and was in full production . . . an 
example of how manufacturers fre- 
quently find that the one right material 
for the job is already under develop- 
ment—or in production—at Dow. 

This new material, called Styron® 
Verelite 672, was developed specifically 


for such applications. It possesses 
unique light transmitting and diffusing 
properties, and has an_ exceptionally 
high resistance to yellowing, a malady 
common to many materials under pro- 
longed exposure to fluorescent light. 


The grid panels, which fit together to 
form a continuous pattern for areas of 
any dimension, are finding extensive 
use as room dividers and display 
boards, as well as in ceilings. Light 
fixtures, sprinkler heads and other 
equipment can be installed above the 
ceiling level and thus be hidden from 
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HARDHEADED SALES GAINER 


When professional gridmen make and 
take those earth-shaking tackles their 
heads need all the protection they can 
get. That’s why several pro teams equip 
their players with helmets made of 
lightweight, super-tough Ethocel®. 
Dubbed the “aristocrat” of all thermo- 
plastics, high-impact Ethocel takes 
shock well over a wide temperature 
range. It has a high gloss and can be 
matched to many colors, Its excellent 
strength and molding characteristics 
permit large one-piece moldings for 
many rough and tumble applications. 


THIS DRAWER WON’T WARP 
OR SPLINTER 


This plastic drawer for the home is 
another example of creative engineering 
with Dow plastics in the building 
products field. Vacuum-formed _ of 
Styron® 475, it offers the last word in 
convenience and durability wherever 
built-ins are applicable. The manufac- 
turer also supplies the glides and 
framing, leaving only the decorative 
exterior to be applied. The outstanding 
forming characteristics of Styron 475 
keep production men happy. Rounded 
corners make the drawer easy to oper- 
ate and easy to clean and, of course, 
it’s splinter-free. It’s long on looks as 
well as service life . . . cannot swell or 
warp because of the extremely low 
moisture absorption of Styron. 

ee @ ® 


DON’T FREEZE THAT DESIGN until 
you've checked with Dow. Chances are, 
one of the many Dow thermoplastics will 
fit your materials requirements ‘‘to a 
tee’’. To find out, write today to THE DOW 
CHEMICAL COMPANY, Plastics Sales Depart- 


ment 1514AZ11. 
ee @ ®@ 


INDUSTRIAL MOLDING 
MATERIALS 


PACKAGING MATERIALS 


PAINT AND COATING 
MATERIALS 


BUILDING PRODUCTS 


THE DOW CHEMICAL COMPANY 
Midland, Michigan 
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TWO MORE PRODUCT IMPROVEMENT 
IDEAS WITH DOW PLASTICS 


STYRON 

Great fun for the junior homemaker! 
This complete miniature washer-dryer 
contains several parts made of dif- 
ferent Styron formulations. Properties 
demanded by this application include 
toughness, structural strength, smooth 
surface, clarity and resistance to 
soap chemicals. Styron also gives 
the production man a break with its 
excellent moldability. 
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PVC RESINS 

These see-through tubes typify the 
many uses being made of formula- 
tions utilizing Dow PVC. The result 
ing high quality compound is then 
extruded into tubing, filled, sealed 
and crimped to make an attractive, 
low cost package. Two reasons Dow 
PVC is often selected: its high proc- 
essing uniformity and resistance to 
many chemicals. 





Announcing the newest 


VARIAN Potentiometer RECORDER 


the Dual Channel G-22 


MOST COMPACT AND PORTABLE 


Size and price need no longer limit 
the use of two-channel recorders. The 
Varian G-22 is the least expensive 
servo-operated two channel available 
—and also the most compact. It puts 
two time-correlated variables onto one 
chart of 5-inch calibrated width. 


TheVarian G-22 is of completely mod- 
ular design—and a truly versatile in- 
strument. Plug-in input chassis are in- 
terchangeable to provide various re- 
cording characteristics. Chart motors 
are easily changed for additional 
speeds. Range is adjustable from 0-9 
mv to 0-100 mv on the basic input 
chassis. Zero can be set anywhere 
across the chart. And being a poten- 
tiometer recorder, the G-22 has the 
necessary sensitivity to serve a wide 
variety of recording needs. 


TWO-CHANNEL RECORDE 


FEATURES 


« Potentiometer measuring circuit thousands of 
times more sensitive than a galvanometer. 

¢ Quickly interchangeable plug-in input chassis 
provide various recording characteristics. 

e Two-speed gear shifter standard; four chart 
speeds available by dual motor option. Choice 
of speeds from 4 in/hr to 8 in/min. 

e Modular construction throughout; permits 
rapid removal of subunits with a screwdriver. 

e Panel mount or portable versions available. 
Total weight is 35 pounds. 

¢ 1% limit of error and one second full-scale 
balancing time. 

¢ Cast aluminum case and box frame structure 
provide ruggedness. 

¢ Direct shaft connection between servo motor 
and potentiometer provides positive drive and 
allows space for optional accessories. 

* Accessories include retransmitting slidewires, 
event markers, and alarm contacts. 

¢ Capillary pens and large reservoirs provide re- 
liable inking. 

¢ Only $975 complete.” 


For full information, write the Instrument Division 


VARIAN associates 


PALO ALTO 23,CALIFORNIA 
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Cleaner, cooler operation... less 
maintenance... longer, trouble-free life 


HERE’S WHY: Ordinary d-c motor ventilation systems draw air in at the 
commutator end, contaminate windings by drawing carbon dust from commuta- 
tor brush wear into the machine. In the new Life-Line’ ‘“H,” this air flow is 
reversed. Air and carbon dust are expelled at commutator end . . . assuring 
cleaner, cooler windings . . . longer motor life . . . less maintenance. 


Plus... these other important advantages ...... 0.0.0.0... cc eccccccccceeecececeeeee. \ 


you CAN BE SURE...1F ITS Westinghouse 





These exclusive features of the new 


Westinghouse 


747 Mf d-c motor guarantee 


top performance... longer, trouble-free life 


TEN TIMES LONGER INSULATION LIFE 

New silicone insulation in Westinghouse Life-Line’ ‘‘H”’ d-c 
motors and generators stands up under temperatures which 
turn ordinary insulation to a cinder. High-temperature sili- 
cone insulation is used with the full complement of iron and 
copper required for low Class B temperature. Result: Life- 
Line ““H” shrugs off emergency overloads and abnormal 
ambients to keep production rolling, maintenance down. 


FASTEST RESPONSE ... 35 per cent increase in com- 
mutating ability . . . up to 55 per cent lower mechanical 
inertia . and up to 30 per cent reduction in electrical 
inertia mean that the new Westinghouse Life-Line ‘‘H’’ d-c 
motor provides the fastest acceleration, quickest reversing 
and closest speed regulation. This means more production, 


better product quality, minimum complexity of control. 


For information about the ways you can profitably 
put the new Life-Line “‘H’’ motor to work, contact 


your nearby Westinghouse representative. Or, write 


GREATER PROTECTION ... most complete and 
advanced protection available in dripproof industrial d-c 
machines. Elimination of uncovered side openings. . . heavy, 
cast end brackets . . . effective seals throughout . . . all 
combine to provide outstanding resistance to liquids, vapors 
and dirt. This means longer life with greater reliability .. . 
minimum maintenance under all operating conditions. 


SIMPLIFIED MAINTENANCE With the new 
Life-Line “‘H,”’ maintenance is not only substantially reduced 
but periodic inspections are also greatly simplified. For 
example: as shown above, Uniforce brushholder fingers 
lock out . . . brushes can be inspected or changed with one 
hand. And Uniforce tension remains constant throughout 


brush life . . . no need to adjust pressure as brushes wear. 


Westinghouse Electric Corporation, P. O. Box 868, 
3 Gateway Center, Pittsburgh 30, Pa. 
vou can BE SURE...1F rs Westinghouse 


J1-22122 





Nature’s Tiny Flashlight. There's 
more to the surprisingly bright flashes of 
the firefly (Lampridae) than the body 
chemicals which it burns. In addition, a 
clear, curved section of the insect's skin 
acts as a magnifying lens and a layer of 


crystals as a reflector. 


New Miracles in Miniaturization & 


Today's accelerated processing programs 
(and space programs) demand that equipment 
operate continuously and faultlessly at high 
rates of speed and with maximum efficiency. 
The bearings which minimize frictional and 
inertial losses in such equipment must often 
be extremely small, but nonetheless depend- 
able in every respect. MPB supplies industry 
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Miniature Angle Counter. Moving 
tape on this counter used in aircraft 
(approx. 3%” long) shows horizontal 
angular deviation from pre-set point. MPB 
bearings on key shafts help keep torque 
at approximately 0.1 ounce-inch at tem- 
peratures from —55°C to +125°C! 


and the military with tiny, tough, reliable 
bearings from a line of 500 types and sizes 
ranging down to 1/10” O.D. ‘‘Specials'’ when 
necessary. For complete details, ask for our 
new catalog. Engineering assistance on 
request. Write Miniature Precision 
Bearings, Inc., 6l] Park, 


Keene, N. H. 


Precision 
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Man with Miracles. Chuck Sheridan 
is constantly helping industry and aviation 
to solve problems of friction and inertia 
with MPB bearings. Like all MPB Technical 
Representatives, he'll be glad to help you 
meet the challenge of miniaturization 
efficiently and economically. 


 @] r 


MINIATURE PRECISION 


BEARINGS, INC. 


Helps you perform miracles 
in miniaturization 





Balance your 
insulation 
system with 
MAGA 


properties of... 


Random Wound Coil 


PHELPS 


DODGE 
NYLEZE. 


The extraordinary advanced film magnet wire 
that combines . .. Windability, Varnishability, Solderability, 
Thermal Stability (Class B 130°C.)...all in one wire! 


Any time your problem is magnet wire, consult Phelps Dodge for the quickest, surest answer! 


ELECTRICAL MANUFACTURING 





Layer Wound Coil Wound Rotating Armature 


Remarkable Windability—slick, hard surface permits wire to wind into space 
more compactly. Excellent resistance to winding abrasion in automatic equipment. 


Outstanding Varnishability— withstands wider variety of hot varnish» 
solvents. Ideally suited for hot dip in high speed varnishing operations. 
Excellent for encapsulation or potting. 


Easy Solderability—solders or dip-tins at 650-750° F. without cleaning or 
stripping. No damage to copper conductors. 


Unusual Thermal Stability—rated Class B temperature with a thermal life of 
20,000 hours at 135° C. when tested according to AIEE #57 procedures (unvarnished). 
Provides unusual film “‘cut-thru’”’ resistance at high temperatures. 


Nyleze®—with the strongest combination of balanced film wire properties— 
builds greater strength and reliability into modern insulation systems. 


FIRST FOR , pe | DODGE f 
a) Cn wee a : 


ASTING QUALITY Ms CORPORAT!I 
—FROM MINE i 


TO MARKET! 
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in uniformity and dependability 


ICKERS SILICON POWER RECTIFIERS 


Strict Quality Control Assures Excellent Performance... Consistently ! 


Every one of these rectifiers carries the same stamp 
- CATALOGUE NUMBERS 


» . » ~ . ery > re > > P i ry 
of excellence. Every one shows the same outstanding ee en en 


and unvarying characteristics: extremely low reverse 
current and forward drop; stability at high temper- 
atures; greater economy, with current ratings as much 
as 50% above rectifiers of similar size and price. 

How is this achieved? By stressing quality at every 
stage of manufacture, from raw materials through 
finished product, and verifying that quality with con- 
stant checking ... testing ... measuring. By applying 
all the skill and know-how accumulated through years 
of experience in the design, development and manu- 
facture of semi-conductors. 

The Vickers sales representative in your area (you'll 
find his telephone number below) can give you com- 
plete details on new Vickers Silicon Power Rectifiers, 
in 2, 8 and 12 ampere sizes. Or write direct to us for 
Series 3300 Bulletins. 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1803 LOCUST STREET « SAINT LOUIS 3, MISSOURI 


Sales  $¥. LOUIS—CEntral 1-5830 CHICAGO—JUniper 8-2125 CLEVELAND—EDison 3-1355 
Engineering DETROIT—KEnwood 4-8070 NEW YORK—LEnnox 9-1515 LOS ANGELES—DAvenport 6-8550 
Offices WASHINGTON, D. C.—FXecutive 3-2650 BOSTON (Representative) —CEdar 5-6815 
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IF INSTALLED-COST IS A DESIGN PROBLEM 
Look at the KA general purpose RELAY 


What do your relays cost installed? Initial cost is 
never the whole story. 


Our KA Relays are engineered for modern pro- 
duction methods. They’re available with printed 
circuit, taper tab, quick-disconnect or hook solder 
terminals . . . are simple, economical to install. This 
fact, combined with low original cost, keeps your 
total cost down. 

Another source for savings! All standard KA ac 
relays bear U/L and Canadian Standard Association 
seals of approval. 

Write or call for more information or see the 
complete P&B catalog in Sweet’s Product Design File. 


KB LATCHING RELAY con- 
sists of two KA Relays, forming 
a mechanical latching relay, 
featuring a large number of 
contact arrangements. 


KA ENGINEERING DATA 


GENERAL: 
Insulation Resistance: 100 megohms min. 
Breakdown Voltage: 1500 V. rms between 
all elements. 
Temperature Range: 
55° C. to +85° C. DC 
55° C. to +70° C. AC 
Weight: 2.0 ozs. 
Pull-in: DC 75% of nominal voltage. 
AC 78% of nominal voltage. 
Terminals: Taper tabs. 
Printed circuit. 
Quick-disconnect. 
Pierced solder lugs. 
Enclosures: Dust Cover 
(max. 55° C. ambient for AC relays) 
(max. 70° C. ambient for DC relays) 
CONTACTS: 
Arrangements: 3 Form C (3PDT) max. 
Material: Movable— e" silver; stationary — 
Yo" wide silver overlay. 
Load: 5 amps (@ 115 V. AC 60 cps res, 
COILS: 
Resistance: 16,500 ohms max. 
Power: 1.2 watts (DC), 2 volt amps (AC) 
Duty: Continuous AC or DC (DC coils will 
stand 4.5 watts at 25° C.) 


> P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


FIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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Alcoa Aluminu 
...2aSy to join 
by any method! 


LN , Pani 


| 


Brazing of Alcoa Aluminum may be accomplished through a wide 
variety of brazing techniques, depending upon the particular 
manufacturing process of which the brazing operation is to be- 
come a part. In addition to the dip brazing method shown above, 
Alcoa Aluminum is easily and successfully joined by furnace and 
torch brazing. Specialized brazing techniques such as mechanized 
flame brazing, induction brazing and block brazing provide for 
automation. 
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By incorporating Alcoa® Aluminum into your prod- 
ucts, you’ll enjoy many new advantages which are 
unobtainable with conventional metals. This fact is 
being profitably proved by manufacturers and fabri- 
cators, whatever the joining method . . . welding, 
brazing, bolting or compressing. 

For example, Alcoa Aluminum is low in cost... 
lighter in weight ... easier to handle . . . nonmag- 
netic ... corrosion resistant ... strong in alloys... 
offers more current-carrying capacity per pound... 
is easy to spin, form, bend, roll. ..can be cast, forged, 
extruded or drawn. 

Ask your Alcoa sales engineer to show you how 
you can put the benefits of Alcoa Aluminum into your 
products. Aluminum Company of America, 2130-L 
Alcoa Building, Pittsburgh 19, Pennsylvania. 


mee 
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Photo courtesy of Raytheon Company 


Your Guide to the Best 
in Aluminum Value 


5 iAILIAA For exciting drama watch “Alcoa Presents” 
Be ae ‘ every Tuesday, ABC-TV, and the 
Emmy Award winning “Alcoa Theatre’ 
alternate Mondays, NBC-TV 
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omect CURRE, 


Simpson 
“S 


ELAPSED Time tmwdicator 


TOTAL feoooe HOURS 
170 worts 


available from stock 
or custom-built 
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AC VOLTS 


RECTIFIER TYPE 


METER RELAY 


0 METERS FOR EVERY NEED 


ELECTRIC ® COMPANY 


5205 W. Kinzie St., Chicago 44, Ill. 
Phone: EStebrook 9-1121 
In Canada: Bach-Simpson Ltd., London, Ontario 


45 





Good motors are better with 
CDF Micabond® insulation 


Making or specifying motors or generators? Regardless 
of the size and type, they’ll run better, last longer with 
genuine CDF Micabond insulating components. 


Classes H and B. Micabond is produced in various 
grades to meet heat requirements of Class H and 
Class B insulation. Commutator “V” rings, bushings, 
segments, slot liners, and many other insulating parts 
of a motor are natural applications for this superior 
basic material. Certain Micabond grades are readily 
formed and fabricated into standard or special parts— 
by you or by CDF. 


Complete mica line. CDF offers the designer a com- 
plete line of quality mica products, from unfabricated 
sheets, tubes, and flexible tapes to large or small V-rings, 
segments, and fabricated parts. For wrapping applica- 
tions, combinations of Micabond and “Mylar” polyester 
film, Micabond and glass-fabric, and other combinations 
are readily available in flexible sheet and tape form. 
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Fabrication facilities. CDF has the facilities and 
know-how for turning out finished Micabond insulating 
parts—better and more economically than you can do it 
yourself. We meet your specifications and your pro- 
duction schedules, and save you time and money. 


Send us your print or your problem; we’ll return perti- 
nent technical literature and recommendations. For the 
phone number of the CDF sales engineer nearest you, 
see Sweet’s, Electronics Buyers’ Guide, and the other 
directories. 

CDF makes Di-Clad* printed-circuit laminates, Diamond® Vulcanized 
Fibre, CDF products of Teflont, flexible insulating tapes, Dilecto* 


laminated plastics, Celoron* molded products, Micabond mica prod- 


ucts, Spiral Tubing, Vulcoid*. 
*Trademark of Continental-Diamond Fibre Corporation 


TduPont trademark tor its TFE-fluorocarbon resin 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF THE BRuritkt COMPANY + NEWARK 13, DEL. 
in Canada: Continental-Diamond Fibre of Canada Ltd., 46 Hollinger Road, Toronto 16, Ont, 
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Developing a motor-driven product? 


Lamb® six-pole 400 cycle AC motor for 
electronic cooling in missile control equip- 
ment. Frame I'Vg x 1%. 


@eereeeceeeoeeeeeeeeeeeeeeeeeeeseeeece 
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Here’s a Way to Make Sure 
You Get the Right Motor 


When you reach the point in the development of a new product 
where you are ready to discuss the motor, we shall welcome an 


opportunity to carefully study your motor problem and try to find Lamb® four-pole capacitor start induc- 


an existing motor design that will do the job. tion run motor with special bracket for 
5 i , : ; telephone toll ticket process machine. 
If the right motor is readily and economically available, we shall Frame 42 x 2%. 


tell you. Our interest is in devoting engineering man-hours to the 
solution of design problems —not in duplicating development COSHH HEHEHHSOHEHEEEESEEESESESES 
~ work which already has been done. 


Because of this approach and because of our motor design and 
development experience—44 years in the small motor field—we 
can help your company obtain the right motor . . . at the most 
favorable cost. 


THE LAMB ELECTRIC COMPANY -* KENT, OHIO 


A Division of American Machine and Metals, Inc. 
In Canada: Lomb Electric + Division of Sangamo Compony Ltd. + Leaside, Ontario 


Lamb® totally enclosed fan-cooled ex- 
SPECIAL APPLICATION plosion- proof motor for high pressure 


FRACTIONAL HORSEPOWER MOTORS grease gun. Frame 3'Vg x 24. 


an) 
© @ 


Write for your copy... 8-page folder 
describes these and other Lamb Electric 
motors. 


Lamb® series motor with two-stage fan— 
the standard for high performance 
domestic canister-type cleaners. 


Lamb® heavy duty three-stage gear- 
motor for pipe threaders. Frame 4¥% x 
2. 


eeeseeeeeeoeeeeeeeee 
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MAGNET WIRE 


CLASSE 
— woe BOC MAGNET WIRE 


* THERMAL CLASS-F 
SODERON® TB /55°C 


(4iM/7ED) ‘ 
 THERMALEX F 
PLAIN ENAMEL _ 
spss 


NYFORM 
SODEREX ° 


The right insulation 
for every application 


with Essex Film-Coated Magnet Wire 
evaesie onalipupese Terma’ 
rae A 


MAGNET WIRE DIVISION 


ESSEX WIRE CORPORATION 


Fort Wayne, Indiana Manufacturing Plants: Anaheim, Calif.; Fort Wayne, Ind.; and Hillsdale, Mich. 
National Network of Warehouses and Sales Offices...Cal/l your local ‘Essex Man.” 
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TEMAS CT: ea 
INSULATION < 
PROBLEM? 


Super- Vinyl 


Hi-Heat 
EP-14 EP-69C EP-93€ = 105&105A . Heat 125 Glass 


185°F 165°F 205°F 185°F 200°F 221°F 257°F 266°F 
40°F -50°F 75°F -90°F -95°F -5°F -40°F -50°F 


900 800 900 390 400 1,000 1,000 8.000 
volts volts volts volts volts volts / volts olt 
mil av. mil av. mil min mil av. mil av. mil mil Vorts 


Good Good Good Good Good Excellent Outstanding Outstanding 


Slight Slight Slight Slight Slight 


Swelling Swelling Swelling Swelling Swelling Excellent Excellent Excellent 


5 sec 5 sec. 6 sec 5 sec. 5 sec. 45 sec 
Max. Max. Max. Max. Max. inch 


Yes Yes Yes 
Clear Amber Clear aa 
Fungicide Fungicide Fungicide y 


Good Good Good Good Good Good 


MIL-1-631C MIL-I-631C 
- oa Type F Type F 
soon v Form U Form U. GrC 
on AMS Grades a MIL-I- Class | ASTM 0372-53T 
2 He 3630 and b 7444B Types (105A only) U.L.105°C NEMA-VSI-1950 
Cat. 1 Cl.1& Type II Class I! Cat. 1 MIL-I-3190(4) 
*. Cat. 1 Also U.L. 105°C 


Also a complete range of vinyl tapes and lacing cords 


Resinite Plus Values 
SOFT-WOUND SPOOLING Prevents flattening 


. of even thin wall 
3 sleeving at the spool 
“P core. All sleeving is 
delivered full round 

} | —speeds assembly 
time, saves material. 


POSITIVE TEST NO. IDENTIFICATION Every 
lot of Resinite Specification 

Sleeving is rigidly tested 

for conformance. Each spool 

carries this test number 

for easy, positive reference 

to the permanent test record. 
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BELDEN 


MAGNET WIRE HANDBOOK 14 
1960 Edition 
Now Available 


Over 90 pages... handy desk and pocket size (4%" x 72") 
A special feature dealing with ‘'Factors Involved in Selection 
of Magnet Wire" 

A discussion of *‘Winding Tensions" 

Performance data on all types of magnet wires 

Dimensional tables on all types of magnet wires... including 
bare aluminum, bare copper, and tinned copper 

Ask for no-charge copy of Belden Magnet Wire Handbook 14 


BELDEN MANUFACTURING COMPANY 
P. O. Box 5070-A, Department 10 
Chicago 80, Illinois 


one wire source for everything electrical and electronic 


Belden 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 


lead wire « magnet wire « power supply cords e 
cord sets « portable cordage « electronic wire « 
automotive replacement wire and cable « 

aircraft wire « electrical household replacement cords 
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GIVE YOUR NEW MACHINERY 
THE MOST MODERN CLUTCHES 
AVAILABLE... 


standardize 
on 


FAWICK 


Magnetic 
\ 
Y 


Stationary Field 
Magnetic Clutch 


ee Nae 


Airflex 
i 
any | 
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FAWICK AIRFLEX DIVISION FAWIL ,/@ 


FAWICK CORPORATION 
9919 CLINTON ROAD «+ 
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Addition of the new Magnetic series to their famous Air- 
flex products gives FAWICK the most complete line of in- 
dustrial power transmission equipment. For years FAWICK 
CB Airflex and VC Ventorque Clutches have been recog- 
nized as the BEST for industry’s toughest clutch applications 
—drilling rigs, metalworking machines, paper machines, 
earthmoving equipment and many others. FAwicK Mag- 
netics are designed for precise control and high cyclic 
operation on machine tools and all other types of electri- 
cally-operated and power-operated machinery. 
Both types provide highest machine efficiency— 


e faster, more accurate operation with instant 
response to controls 


© continuous “new clutch performance” through 
rugged construction and elimination of 
clutch maintenance 
—and important O.E.M. advantages— 
@ time and cost saving machine assembly with 
ready-to-install package applications 
e better machine design through compact, space- 
saving units with the most favorable torque 
vs. size ratio 
Find out which FAwick Clutch best suits your applica- 
tion. Call or write your nearest Fawick Representative or 
the Home Office today. 


xis at 1 
Fawick SC Magnetic Clutch: The most modern electric 
clutch available today. Unique design separates magnetic 
field and friction surfaces to minimize residual magnetism 
and eliminate drag. Oil or dry operation with excellent heat 
dissipation. Sizes from 2” to 13” diameter . . . torque ratings 
from 36 to 48,000 in./Ibs. 

ER ee Te EE ee 


Fawick CB Airflex Clutch: Providing outstanding serv- 
ice to thousands of the most exacting industrial applications. 
Suited to high-speed, cyclic operation as well as coupling and 
general power transmission service. Never needs adjustment 
or lubrication. Sizes from 6” to 84” diameter . . . torque rat- 
ings from 2,040 to 1,130,000 in./Ibs. 


Fawick VC Ventorque Clutch: Performance-proved in the 
most grueling applications. Fully ventilated friction shoes pre- 
vent overheating and lengthen clutch life despite high starting 
loads and sustained slippage. Offers the greatest amount of 
torque capacity for the space occupied. Sizes from 11.5” to 
42” (narrow series) and 24” to 46” (wide series) ... torque 
ratings from 27,000 to 900,000 in./Ibs. 


a 


CLEVELAND 11, OHIO 


INDUSTRIAL CLUTCHES AND BRAKES 
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GLASS-TO-METAL 
SEALS 


-universally specified as the reliable line! 


FOR COMMERCIAL EQUIPMENT AND VITAL SPACE 

AGE PROJECTS — Proof of the rugged reliability of E-I 

glass-to-metal seals is the fact they are employed on vital 

missile and rocket programs... are specified for commercial PLUG-IN CUSTOM SEALED TRANSISTOR 
equipment: by leading manufacturers industry-wide. E-I CONNECTORS SEALING TERMINALS CLOSURES 
offers the widest range of standard terminals for maximum ; a 

design flexibility ... fast service on “specials” for unusual / & 9) 
specifications ...a broad selection of miniature components Q 

...and economical custom sealing of your assemblies. Call // is tw 


or write for complete information today. ne WAATIPLE THREADED SINGLE LEAD 
I s 


rr, 


INDUSTRIES A Division of Philips Electronics, Inc MURRAY HILL, NEW JERSEY 
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A quick review of control timer types . . . 


INTERVAL TIMERS — for accurate 


time control where frequent changes in 
setting are required. 


An interval timer consists basically of a 
constant-speed motor, an arm or cam, 
and a switch. The user simply sets the 
mechanism manually to the desired time 
interval. This action transfers switch con- 
tacts that start the timer motor. The 
motor then drives the arm or cam to 
the set point, where the switch is returned 
to its original position and the motor 
shuts off. A variety of dials, knobs, push- 
button start, automatic reset features, 
special. housings and additional load 
switches may be used, but the basic op- 
eration is the same in all cases. 


TYPE 241 


TIME DELAY RELAYS — to intro- 
duce an accurate and adjustable delay 
between the closing of a control circuit 
and the actuation of one or more inde- 
pendent load switches. 


Again, a constant-speed motor drives a 
set of precision-cut cams from an adjust- 
able starting point to a later point where 
one or more load switches are trans- 
ferred. The unit continues to the end of 
its cycle, at which point the motor shuts 
off and the timer remains “timed out” 
until it is reset. Optional automatic reset, 
various clutching devices, and a wide 
selection of wiring arrangements make 
the time delay relay a highly versatile 
control with countless uses. 


TYPE 471 


CYCLING TIMERS —to control a 
repeated sequence of operations in a 
definite time relationship which does not 
require frequent change. 


The basic difference between a cycling 
timer and a time delay relay is that the 
cycling timer continues to run, cycle after 
cycle, until it is shut off. The single-pole 
double-throw load switches are trans- 
ferred back and forth, at exactly deter- 
mined times, by cams fixed to the motor 
shaft. Multiple load switches, an almost 
endless number of cam combinations, 
excellent accuracy, and a wide range of 
basic cycle speeds make the cycling timer 
an ideal program-control device in many 
processes. 


..- you can choose at a glance from this table 


CLASS 
CRAMER TYPE 


_ INTERVAL TIMERS 





TIME DELAY RELAYS 


“CYCLING TIMERS _ 


Time Ranges 








Load Switches (SPDT) 
Automatic Reset 











Repeat Accuracy 
(% of total range) 


F Progress Indication 
Adjustable anne 
Operated by: 

Momentary contact 
Sustained contact 








Panel 


$42.00 


Surface 
$42.00 
to 
_ $66.00 © 
All standard voltages in 50, 60 and 400 cps AC, and in oc 


*Exclusive of human setting error 


CRAMER CONTROLS 


CORPORATION 
Box 8, Centerbrook, Connecticut 
Circle 136 on page 17 


Mounting 


Unit List Price 





Motor & clutch rating 





LEARN MORE about these and other 
basic timing devices from Cramer’s com- 
plete line. Write for free bulletins on the 
types that interest you — or describe your 
problem and let us help you solve it. 
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LOOK 
FOR THE 


DIAMONDS-—siIGN 
OF FINISHING 
QUALITY 


Now, here’s a fast, easy, economical way to 
almost double the protection against corrosion 
on your product. Simply follow up the IRIDITE 
process with a fast. easy application of IRILAC 
. and you’ve given your product extra pro- 
tection for longer resistance to corrosive condi- 
tions, longer shelf or storage life protection 
from handling, and increased beauty for more 
attractive appearance and faster sales. 


ON ALUMINUM 


An IRIDITE-IRILAC finish will provide 
longer life for storm doors, windows, outdoor 
furniture, auto parts and accessories, tubing or 
wire goods. And, you have a choice of color 
finishes such as natural aluminum and golden 
yellow. Other colors may be obtained by an 
additional dye operation. 


ON MAGNESIUM 
IRILAC over an IRIDITE No. 15 finish in- 


creases corrosion protection, and provides resis- 
tance to finger printing and abrasion on all types 
of products, with color appearance ranging from 
light to dark brown. 


ON ZINC 


IRIDITE plus IRILAC gives your product 
longer life and brighter appearance. Color 
choices range from clear IRIDITE to olive 
drab, plus colored dye finishes. 


NOW—A Great New 
Combination for 


DOUBLE 
PROTECTION 


Against 


Corrosive Conditions 
on Aluminum, 
Magnesium or Zinc 


® 


CHROMATE CONVERSION COATINGS 


and 


CLEAR PROTECTIVE COATINGS 


IRIDITE is the tradename for a specialized 
line of chromate conversion coatings that 
can be applied to any non-ferrous metal by 
brush, dip or spray methods—at room 
temperatures—manually or with automatic 
equipment. Upon application, a thin film 
forms which becomes an integral part of the 
metal itself, and thus cannot chip, flake or 
peel. No special equipment, exhaust systems 
or specially trained personnel are required. 


IRILAC is the tradename for a line of clear 
protective coatings for all metals. As safe and 
easy to handle as water, they may be applied 
by brush, dip or spray methods. No exhaust 
or special fire protection equipment required. 
Adds protection and abrasion resistance to 
any base metal, plated part or parts treated 
with electrolytic or chemical post treatments, 
without chemical change. 


For complete technical informa- 
tion on IRIDITE Chromate Con- 
version Coatings or IRILAC Clear 
Protective Coatings, write for 
FREE TECHNICAL MANUAL. Or, 
see the Allied Field Engineer in 
your area. He's listed under 
“Plating Supplies” in the yellow 
pages. 


Allied Research Pr oducts, Ine. 4004-06 EAST MONUMENT STREET @ BALTIMORE 5, MARYLAND 


BRANCH PLANT: 400 MIDLAND AVENUE e@ DETROIT 3, MICHIGAN 
West Coost Licensee for Process Chemicals: L. H. Butcher Co. 
Girim* | Crs" | zai’ aip* Cz 
Chromoate Clear | Plating Chemicals & Line of 
Coatings | Supplies Equipment 


Chemical ond Electro - 
chemical Processes, Anodes, 
Rectifiers Equipment, ond Supplies for Metal Finishing 


Coatings | Brighteners 
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Pressure cover design simplified. Two axially assembled Truarc Series 
5002 beveled rings eliminate 27 bolts, reduce machining and assembly time from 
78 to 1144 hours and make possible drastic size and weight reductions. Rings 
retain two covers of a pressurized x-ray unit. Savings: about $500 per unit. 


Parts eliminated in slide as- 
sembly. Two radially assembled 
Truarc Series 5139 Prong-Lock® Rings 
provide proper spring tension, eliminate 
looseness and wobble in this office cal- 
culator shift-slide. Original design called 
for a cut washer, spring washer, and 
cotter pin —all eliminated. 


een 
sitee 


New way to install electron- 
tube sockets. Easy-to-apply Truarc 
Series 5101 bowed external rings lock 
tube sockets to chassis plate in this 
assembly. Bowed construction takes up 
tolerances of molded grooves, thickness 
of base. Individual sockets are remov- 
able for field service. 


was: 


Quarter-turn clamp improved. A bowed washer and two locknuts were 
eliminated in this quarter-turn jig-and-fixture clamp by a Truarc Series 5131 
bowed E-ring. The radially assembled ring holds the screw captive, provides 
required rotational drag between parts with sufficient tension to insure tight fit 
when the screw is first engaged. Typical savings: $1.35/unit—assembly up 70%. 


Truarc rings for 
end-play take-up 
offer significant 
design advantages 


A number of Truarc retaining rings are available to 
take up end-play or loose fit caused by accumulated 
tolerances and wear. The rings often eliminate spring 
washers, collars and set screws, nuts, bolts, rivets, 
cotter pins and other conventional fastening devices 
with outstanding cost savings in machining and 
assembly time. 

Truarc retaining rings designed to deal with the 
end-play problem are of two general types: bowed 
rings for resilient end-play take-up and beveled rings 
for rigid end-play take-up. 

Bowed retaining rings are widely used for pre- 
loading bearings, preventing vibration or oscillation 
in linkages, providing tension on adjusting screws. 
Of particular interest is the radially installed Truarc 
Prong-Lock® ring which locks securely to the shaft 
by means of two prongs. It provides exceptional 
thrust load capacity, may be used as a shoulder 
against rotating parts, and often eliminates springs, 
bowed washers and other tensioning devices. 

In beveled rings for rigid end-play take-up, the 
groove-engaging edge is beveled at 15°. There is a 
corresponding bevel on the load-bearing groove wall. 
To take up end-play, the ring acts as a wedge be- 
tween the outer groove wall and the part being re- 
tained. 

These are just a few of the 50 functionally dif- 
ferent types of Truarc retaining rings. They come in 
up to 97 standard sizes, six metal specifications, 
13 different finishes. The entire line as well as ac- 
cessory assembly tools, grooving tools, and over 
70 typical applications are shown in the new catalog 
RR 10-58. Write for your copy today. And remember 
Waldes Truarc engineers are always ready to work 
with you on your specific projects. Waldes Kohinoor, 
Inc., 47-16 Austel Place, Long Island City 1, N.Y. 


~ WALDES 


2% TRUARC 


RETAINING RINGS 


Waldes Kohinoor, inc., Long Isiand City 1, N. ¥. 


9,12. 


TRUARC RETAINING RINGS...THE ENGINEERED FASTENING METHOD FOR REDUCING MATERIAL, MACHINING AND ASSEMBLY COSTS 
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SILICONE NEWS from Dow Corning 


Build For Best Performance 


a as 
tl 
mee > “ “’ 


1000 KVA 3 PHASE PENNSYLVANIA TRANSFORMER 


Silicone Glass Laminates Help Make This 
Transformer Lightweight, Maintenance-Free 


Insulating components made from silicone-glass laminates help improve 
the design and performance of electrical equipment. Bonded with heat 
stable Dow Corning silicone resins, glass laminates have high arc resist- 
ance, low loss factor, low moisture absorption . . . excellent mechanical 
and dielectric strength even after prolonged aging at 250 C. 


When used with other silicone insulating components, silicone glass lami- 
nates are an integral part of transformer designs that permit lighter 
weight, smaller size, easier installation and maintenance than transformers 
using any other class of insulation. 


And they are easy to fabricate . . . easy to apply. Silicone-glass laminates 
can be drilled and machined without shattering, sawed without splitting 
and sanded without melting . . . by using carbide tools, ordinary shop 
equipment and procedures. 


Silicone glass laminates are widely used for spacer blocks, interphase 
barriers, and as core insulation in transformers; for slot wedges, coil 
dividers, and top sticks in motors; for parts, such as terminal boards 
and coil forms in other electrical equipment. Silicone glass laminates 
are supplied by leading laminators as tubes, sheets, punched or molded 
shapes. Write today for full information plus list of fabricators. 


Your nearest Dow Corning office is the 
number one source for information 
and technical service on silicones. first in 


silicones 


Here are some sample data: 
Properties of Silicone-Glass Laminates* 


Property Range 


Flexural strength, flatwise, psi, 
1/8-inch thickness 
Lengthwise 
Crosswise 
Izod impact strength, edgewise, ft-lb 
per inch notch 
Lengthwise 
Crosswise 
Bonding strength, lbs., 1/2-inch thickness 
Condition A 650-1100 
Condition D-48/50 550-950 
Water Absorption, percent 0.05 
Electric Strength, volts/mil 
Initial 310 
After 200 hr at 260C 327 
After 5000 hr at 260C 180 
Dielectric Constant at 10? cycles 
Condition A’ 3.70 
Condition D? 3.85 
Dissipation Factor at 10? cycles 
Condition A’ 
Condition D? 
Arc resistance, seconds 
Condition A 
Condition D-48/50 
Volume resistivity, meg-cm. 
Condition C-96/35/90 
Surface resistivity, megohms 
Condition C-96/35/90 


20,000-40,000 
18,000-33,000 


6.5-17.0 
5.5-14.0 


0.0024 
0.0084 


180-292 
180-248 


1x10*-4x107 


10-10,000 
* As measured on samples 1/8 inch thick 


' As received 
2 After 24 hr immersion in water at 23C 
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..-improve your products 


Silastic Insulated Wire Gives 
Longer, Trouble-Free Service 


More and more equipment manufacturers are standardiz- 
ing on lead wire insulated with Silastic®, the Dow Corning 
silicone rubber, for Class B and Class H equipment. The 
reason: it’s easy to use . . . suitable for several classes of 
equipment, it helps reduce inventories . . . and Silastic 
withstands operational conditions that destroy conven- 
tional wire coverings. 


Serviceable from —90 to 250 C, Silastic resists weather- 
ing, ozone, arcing, corona, moisture, most oils and chemi- 
cals. Lead wire, hookup wire. appliance wire, flexible heat- 
ing wire, ignition cable. and control cable insulated with 
Silastic are available from leading wire manufacturers, List 
of wire manufacturers available upon request. 

Circle 140 on page 17 
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Solventless Silicone Resin 
“seals in” Performance 


Potted in solventless silicone resin to which zirconium 
orthosilicate has been added as a filler, this induction 
heating coil is completely protected against high heat or 
high humidity. This resin and filler will withstand even 
molten metal without deteriorating . . . and is competitive 
in cost with many other encapsulating materials. 


Dow Corning solventless silicone resin is ideal for im- 
pregnating or encapsulating motors, transformers and 
other electrical assemblies. It flows easily and cures to a 
solid, bubble-free mass. Able to withstand continuous 
service at 400 F and intermittent exposure to even higher 
temperatures, it has excellent dielectric properties and 
good thermal conductivity. 
Circle 141 on page 17 


Silicone Varnish Provides Heat Stability in Nuclear Power Valves 


Exposed to radiation and the severe 
corrosive action of hot distilled water, 
electrically activated valves produced 
by Automatic Switch Company, Flor- 
ham Park, New Jersey. get extremely 
hot in service. Continuous temperatures 
as high as 650 F and pressures up to 
3.000 psi are encountered. Cooling fins 
dissipate only some of the heat. 


The unit’s coils are insulated through- 
out with Dow Corning silicone com- 


CORPORATION 
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ponents and dipped in silicone varnish 
to produce a moisture-resistant insula- 
tion system of high dielectric strength. 
Over 100 units already in service in 
atomic submarines, surface vessels and 
power plants underscore the 
tional heat stability that can be 


achieved with silicone insulation and = 


Asco’s control valves. 


excep- 


Circle 142 on page 17 


MIDLAND. MICHIGAN 


branches: arianta 


BOSTON CHICAGO CLEVELAN® OALLAS LOS ANGELES 





NEW YORK WASHINGTON, OC 


¥ “ 
4 


) 


TO THE ENGINEER 


who can’t tolerate a lapse of memory 


If you’re working on a think machine that 
can’t afford to break its train of thought, 
consider AE’s pint-size, fast-stepping OCS 
switcher. Unlike electron tubes and relays, 
this sophisticated device won’t lose stored 
memory in the event of power failure or 
circuit interruption. 


Besides, it can do the work normally assigned 
to whole banks of relays. 


The AE Series OCS will follow or initiate a 
prescribed series of events or cycles at 30 
steps per second impulse-controlled, or 65 
steps per second self-interrupted. Any pro- 
gramming sequence can be set up on one to 
six cams with as many as 36 on-and-off steps 


per cam. And each cam will actuate as many 
as six contact springs. 


In any event, if your designs involve relays 
or stepping switches, AE circuit engineers 
may be able to save you a pretty penny. Or, 
if you’d like to leave the switching to us, 
we’re equipped to supply prewired and 
assembled, custom-built control units, or help 
you develop complete control systems. 


To explore the matter, just write the Director, 
Control Equipment Sales, Automatic Elec- 
tric, Northlake, Illinois. Also ask for Circular 
1698-H : Rotary Stepping Switches; Circular 
1702-E: Relays for Industry; and our new 
32-page booklet on Basic Circuits. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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PUSH BUTTON PANEL controls opera- 
tions rapidly, even at remote locations. 


FLAT VACUUM PLATEN assures positive 
hold down of roll or sheet paper up to 12%” 
width. Plot area, standard 10x15”. 


PRINTING FEATURES: Multiple symbol 
printing head—12 symbols...self contained 
ink supply. 

Pen System—capillary action; splatter-proof. 
Point joiner available. 


engineered for ease of operation...new 


INTERCHANGEABLE MODULES add ver- 
satility...interchange with basic control 
section. 


HOBASHE 


point plotting or continuous trace 


Slimmer, flatter, push-button fast... Librascope’s 
newest, most advanced plotter is the result of per- 
sonally-conducted field research by Librascope 
engineers. Compact design permits rack 
mounting in groups, saves desk space. 
Many new conveniences have been added 

to answer your needs. 


OPERATING INFORMATION 


INPUT SENSITIVITY: .5 millivolts per inch 
to 50 volts per inch with et 
: P 6 button scales at .5, .1, 5, an milli- 
wea 60 cycle volts per inch and.1, .5, 1,5 and 10 volts per 
. inch. Vernier controls permit continuous sen- 
INPUT: X and Y inputs sitivity adjustment between fixed scales, per- 
gnc each other and mitting full scale plotting for any sensitivity. 


INPUT RESISTANCE: Sa .1%, dynamic .2% at 10 
te fee PLOTTER CALIBRATION ACCURACY: 
volt on .5 millivolts per inch .05% on all scales. 
to .1 volts per inch scales. SLEWING SPEED: 20” per second. 


For full details—dimensions, applications, list of 
accessory equipment, call our Sales Engineering Department or 
send for illustrated brochure on Model 210, XY Plotter. IBRASCOPE- aon cea, 
/ 
el 


For information on career opportunities at Librascope, COMPANY 


write Glen Seltzer, Employment Manager. 


LIBRASCOPE, INC. 100 E. TUJUNGA AVE. * BURBANK, CALIFORNIA « A Subsidiar f General Precision Equipment Corporation 
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General Electric 


G-E Vac-u-Sel Rectifier 

with Improved Cup Washer Design 
lowers contact resistance, increases 
surge ratings. 


Standard Stud-Mounted Vac-u-Sel Rectifiers Tube-Mounted Vac-u-Sel Rectifiers 
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Oil-Immersed Vac-u-Sel Rectifiers 


NOVBMBER 1959 


Selenium Rectifiers 


Unique “Vac-u-Sel’* process provides 


uniform precision performance 


VAC-U-SEL PROCESS. The Vac-u-Sel Rectifier is pro- 
duced by a unique spherical evaporation process 
pioneered in the United States by General Electric. 
It consists of evaporating selenium onto a specially 
prepared back plate of aluminum within a controlled 
vacuum atmosphere. 

Spherical vacuum evaporation makes it possible to 
control closely the thickness of selenium layers and 
further purifies the selenium. Better crystal orientation 
is obtained, as well as greater uniformity of all cells. 
The result is longer life—even at operating ambients as 
high as 130°C and higher-than-normal rated currents. 
IMPROVED CUP WASHER DESIGN. This new im- 
proved current collector ring and spacer is now avail- 
able with all larger size cells from three inches 
diameter and up. It greatly improves performance in 
stacks using these higher current cells: 

1. Lower operating temperature by collecting the cur- 
rent from the surface of the cell away from the 
stud. 

2. Lower forward drop by reducing contact resistance 
with broad area contact. 

3. Increased surge ratings due to better current col- 
lection. 

WIDE RANGE OF CELL SIZES AND VOLTAGE 

RATINGS. You can select the cell that will meet your 

requirements best from ten different sizes from the 

tiniest 5/32” diameter miniature cell to the largest 
5x6” plate. Sizes up to 2” square are available in 


Embedded Vac-u-Sel Rectifiers 


voltage ratings from 18 to 45 volts RMS. The larger 
plates with the new improved cup washer are available 
in ratings from 18 to 36 volts. 


STACKS DESIGNED TO YOUR EXACT SPECIFICA- 
TIONS. The cells you need for your circuit can be 
mounted in a special stack to meet your most exacting 
requirements at no extra cost. Stud, tube and eyelet 
mountings are available. 


FINISHES FOR TOUGH ENVIRONMENTAL USES. 
Vac-u-Sel Rectifier Stacks are supplied in three basic 
finishes: standard commercial, heavy duty and mili- 
tary. In addition oil immersed or embedded stacks are 
available for special environmental conditions. 


Predictable life means lower cost 


Vac-u-Sel Rectifiers last up to 80,000 hours or more, 
but where shorter life will suffice, a smaller, less ex- 
pensive stack can be supplied. Because the Vac-u-Sel 
process produces a precision product, output and life 
characteristics can be accurately predicted. This means 
your exact life needs can be met at lower cost. 

Write for free booklet ECG-344, Designing with G-E 
Vac-u-Sel Component Rectifiers, General Electric Com- 
pany, Semiconductor Products Dept., Section 520119, 
Electronics Park, Syracuse, New York. kor other in- 
formation on industry's most complete line of selenium 
rectifiers. contact your G-E Semiconductor Product 
Sales Office. 


*Reg. Trade-mark of General Electric Company 


Typical Miniature Vac-u-Sel 
Rectifiers 
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25,000 1 200,000 ..i: 


ina 
single 
unit 


with 
Cornell-Dubilier 


ULTRA- 
HIGH-VOLTAGE 
CAPACITORS 


For High-Voltage Capacitors - Cornell-Dubilier, Of Course! 


Look first to the company that built the first ultra-high-voltage tubular capaci- 
tor—the company with the most extensive experience in the industry. 


Cornell-Dubilier types provide the largest selection of ultra-high-voltage 
ratings, sizes and mounting styles to meet your needs exactly, efficiently, and 
at most economical cost. 


Meeting the unusual requirements of modern military, industrial, and scien- 
tific research applications, Cornell-Dubilier capacitor designs also permit 
practically unlimited flexible “building block’? combinations to provide values 
far beyond those shown in our extensive standard listings. High capacitance, 
higher voltage, or higher joule ratings are easily and economically obtained by 
irallel, series, or series-paralle] capacitor bank arrangements. 
For complete data, write for Engineering Bulletins 183 (TUBULARS) and 
184 (TYPE TK) to Cornell-Dubilier Electric Corp., South Plainfield, N. J. 


@) GORNELL.BUBILIER 


CAPACITORS 
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Name Your Application, 
State Your Voltage 


TUBULARS (25 KV to 200 KV) 
—for betatrons, nuclear accelerators, impulse- 
test and cascade circuits, X-ray and other 
voltage-doubler circuits. 


TUBULARS 

e 25,000 to 200,000vDC; 
001 to .6 mfd., depending 
on voltage. 

e Cast aluminum, dual- 


banking-mounting means, 
Long creepage path 
Uniform voltage gradient, 
No flashover. Corona-free. 
Multi-layer paper 
dielectric. Non 
inflammable Dykanol 
impregnant. High 
dielectric constant. 
Non-oxidizing. 


RECTANGULARS (6 KV to 30 KV) 
—compact-sized heavy-duty ‘‘workhorse’’ for 
continuous-duty DC filtering; also for block- 
ing and bypassing depending on current 
and frequency. 


TYPE TK 

e 6,000 to 30,000vDC; 
1 to 14.0 mfd., 
depending on voltage, 

e Welded, hermetically 
sealed steel case 

@ Multi-layer paper 
dielectric. Non- 
inflammable Dykanol “‘G"’ 
impregnant, 

e@ Oil-filled bushi liberal 
creepage distance between 
terminals » flashover. 

@ Smallest sizes consistent 
with high factor of safety. 
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The strong SCOTCH No. 27 Glass Cloth Electrical 
transformer coil ‘ <. = 
Sa 
It insures trouble-free operation under 


rugged conditions for a minimum of 20 years. 


Annual insulation cost: 6/106! e& 


Can you afford less than the best? Get 


SCOTCH 


BRAND 


Electrical Tapes 


For complete information on “ScotcH” BRaANpD No. 27 Glass Cloth Electrical 
Tape, write on your letterhead to 3M Co., St. Paul 6, Minn., Dept. EAP-119. 


LEE >, 
Minnesota JUfinine ano Jfanuracturinc company N 


e+ - WHERE RESEARCH 1S THE KEY TO TOMORROW SS yy 
SSS xe 
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THE SHAPE OF THINGS TO COME WITH ANACONDA 


Fluid-cooled copper conductors. The growing need for 
compact electrical assemblies which can handle high 
current densities is leading to an ever-increasing 
variety of hollow, fluid-cooled copper conductors. The 


samples shown full size above give some idea of the 
range of sizes and shapes produced by The American 
Brass Company. 


Nuclear physics magnets are, perhaps, the most 
spectacular applications of fluid-cooled conductors. 
These hollow conductors range from tube .182” 
square O.D. x .083” square I.D. to heavy rectangular 
bars with a round core for water cooling. 

Industrial applications. The use of fluid-cooled con- 
ductors is growing rapidly in large electrical equip- 
ment. Generator output can be greatly increased, 
without increasing frame size, by cooling stator and 


rotor bars. Fluid-cooled conductors are being used 
in heat sinks for rectifiers and induction furnace coils. 
Another interesting use is in compact water-cooled 
windings needed to provide very high flux densities 
in, for example, the ceramic magnet manufacturing 
process. These “solenoids” are being built for applica- 
tions in which the current range is from a few hundred 
to about 2000 amperes. 

Technical assistance. Whatever your problem—liquid- 
cooled field coils, rotor bars or a special-shape tubular 
conductor—technical specialists at The American 
Brass Company can help you work out the size and 
shape best adapted to your needs. See your American 
Brass representative or write: The American Brass 
Company, Waterbury 20, Conn. In Canada write: 
Anaconda American Brass Ltd., New Toronto, Ont. 5,2 
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200,000 KW AT 750 VOLTS is maximum peak rating of twelve d-c 
generators providing power for the confining field coils in 
C Stellarator being built in the new fusion research facility at 
Princeton University. This power is needed to establish the maxi- 
mum 50,000-gauss magnetic field, forming the walls around the 
reaction aimed at reaching 100 million degrees. A.E.C. demon 
stration model above shows one form of the Stellarator tube that 
has been considered. The big copper bus (top), 9 square inches 
in section and silver plated, will carry the tremendous power from 
the generators to the coils around the Stellarator tube. The 
American Brass Company has furnished the mile of bus required 
for the job to specifications of the Allis-Chalmers Manufacturing 









was 






Co., Milwaukee, Wisc., which is assisting in the design and 
building of the C Stellarator. 


ANACONDA 


ELECTRICAL COPPER PRODUCTS 


Standard Anaconda copper bus conductor shapes. Made by The American Brass Company 
Circle 149 on page 17 





BROWN 
MOTORS 


servos, balancing circuits 


... for chart drives, 


STACK-TYPE MOTORS 


These newly designed motors have 
such maintenance saving features as: 


OIL-SEALED MOTORS 
These field-proven motors feature 
self-lubrication, have shock absorb- 


MILITARY MOTORS 


These are oil-sealed-type motors, 
modified to comply with MIL-M- 


17059. Housing is treated as specified 
in MIL-C-5541, and leads are fungus 
resistant as per MIL-V-173. 


ers, are totally enclosed and oil 
sealed. 


sectional housing . . . wick-type lu- 
brication . . . printed circuits .. . ball 
bearings . . . shock absorbers . . . 
alignment keying rings. Any major 
part replaceable in two minutes. 


..- All motors are available in two phase and synchronous models 


SPECIFICATIONS (applicable to all motors described above) 


fwo Phase Induction Motor Synchronous 








RPM* Current Temp 
(amps.) Rise 
F 


Loaded 


Power 
(Watts) 
Loaded 


Pull-in 
Torque 
Minimam 
(oz.-in.) 


Continuous 
Torque 
(oz.-in.) 


Power 
(Watts) 
Loaded 


Current Temp 
(amp.) Rise 
tLoaded F 


Maximum 
Starting 
Torque 
(oz.-in.) 


latermittent 
Rated Load 
(oz-in.) 


Nominal Gear 
No Load Ratio 
RPM." 





330 44:] 10 115 0.11 180 10:1 12 12 24.0 0.21 100 


44101 5 20 1s oll = : . =_— = ” 
9 wl 4 2 Us on 65 


48 30:1 15 60 HS (Ol 60 30:1 21 18 5 OI 65 
23 60:1 30 110 11.5 0.11 30 60:1 42 36 11.5 0.11 65 


*1 /6 less at 50 cycles 
tField winding 11.0 watts, balance in amplifier winding 
Note: Some speeds available at 25 cycles 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim Aves., Phila. 44, Pa. 


Honeywell 
FH) Fait e Cott 
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Solving switch problems fast... 


your job...and(@onarien 


Series 100: '%.” diameter 
Rating: 0.5 amp. at 6 VDC, 
100 ma at 110 VAC 
Breakdown: 750 V. R.M.S. 
Up to 12 positions/section 


Series 20: 1%.” diameter 
Rating: 2 amp. at 15 VDC, 
150 ma at 110 VAC 
Breakdown: 1500 V. R.M.S. 
Up to 12 positions/section 


Series 275: 1%” diameter 
Rating: 2 amp. at 15 VDC, 
150 ma at 110 VAC 


Breakdown: 1500 V. R.M.S. 


Up to 23 positions/section 


Series 230: 3%” diameter 
Rating: 25 amp. at 6 VDC, 
7% amp. at 110 VAC 
Breakdown: 3000 V. R.M.S. 
Up to 24 positions/section 


Your switch problems can be solved quickly and 
efficiently at CENTRALAB. No matter how unusual 
or difficult the switch, you can get samples fast, 
quotations fast, and production fast! This is a 
result of years of specialized experience and 
superior facilities for designing and manufacturing 
a wide variety of switch types. 


Typical of the extensive range of units available 
to you are the four CENTRALAB ceramic section 
switches shown here. These switches, and many 
others, are also available with phenolic sections, 
for economy applications, or where a larger num- 
ber of positions is required. 


DESIGN AIDS FOR ENGINEERS 


CENTRALAB’S unique Switch Visualizer, which 
simulates actual switch operation, will help you 
simplify and speed up switch design. Used in 
conjunction with our detailed layout sheets (avail- 
able for all CENTRALAB switch types), they greatly 
facilitate your job in switch design (and ours, too). 
Write for them today—along with a copy of 
CENTRALAB Switch Catalog 42-405. 


A Division of Globe-Union Inc. 
962-K E. KEEFE AVE. e MILWAUKEE 1, WIS. 
In Canada: 669 Bayview Avenue, Toronto 17, Ont 


VARIABLE RESISTORS + ELECTRONIC SWITCHES » PACKAGED ELECTRONIC CIRCUITS » CERAMIC CAPACITORS « ENGINEERED CERAMICS 
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Ue MDa a coer 
OSTER POWER PLANT INSTRUMENT SUBSYSTEM 


For this, the Avionic Division is drawing heavily on 
its experience in the fields of engine performance 
analysis, engine parameter measurement, hi temp 
engine mounted transducers, electromechanical 
analog computer design, data display systems, 
indicator design and integral lighting. 


Management responsibility under the weapon sys- 
tem concept has been delegated to John Oster 
Manufacturing Co., Avionic Division, for the de- 
sign and‘manufacture of the Air Force B-70 power 
plant instrumentation subsystem. 


Illustrated is an Engine Group Indicator designed and 
manufactured for Naval Air Development Center, Johns- 
ville, Pa. It computes and displays turbojet engine data 
for a twin engine aircraft. The system is typical of Oster- 
designed equipment. Components used include size 8 
synchros, servo motors and motor tach generators 
manufactured by Oster. 


Note unusual electrical and mechanical design. If 
tackling problems like this interests you, contact 
Mr. Robert Burns in confidence. 


ONISILUIAGV INMOU Jb 


For help with your instrumentation and display problems, talk to the specialists at the Avionic Division. 


OTHER PRODUCTS INCLUDE: 


MANUFACTURING CO. 
Tea Ze ls) Computers es : 
Soneliios Pa aD Specialists in Instrumentation and Display 
Resolvers Servo Mechanisms Avionic Division 
Motor Tachs DC Motors Servo Torque Units 


Racine, Wisconsin 


EASTERN 310 Northern Bivd. ¢ Great Neck, Long Isiand,New York | WESTERN 5333 South Sepulveda Bivd. © Culver City, California 
OFFICE Phone: HUnter 7-9030 . TWX Great Neck N.Y. 2980 OFFICE Phone: EXmont 1-5742 e UPton 0-1194 e TWX S. Mon. 7671 


Interesting, varied work on designing transistor circuits 
Engineers For Advanced Projects: | and servo mechanisms. 


Contact Mr. Robert Burns, Personnel Manager, in confidence. 
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ELECTRICAL SHEETS 


Hot Rolled Steel in Coil 

Hot Rolled Pickled Steel in Coil 
Hot Rolled Sheets 

Hot Rolled Pickled Sheets 

Cold Rolled Steel in Coil (fu// hard only) 
Cold Rolled Sheets 

Alloy Sheets and Plates 

Plates (54" and lighter) 
Electrical Sheets 

Electric Weld Line Pipe 

Spiral Welded Pipe 
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Industrial Laminates 


( 
@ 


Fabricated parts... faster... 


from the company that really knows the electrical 
and electronics industry —General Electric 


rom local fabricators 


who specialize in your parts problems 


You get all the advantages of dealing with independent specialists 


who know your fabrication problems . . 


. plus G-E's vast facilities 


and advanced technology for producing the best laminates. 


You get better, faster service on fabricated Textolite® plastic 


parts because they come to you from suppliers close to your plant 


and close to your problems. These independent specialists know 


your particular business and the parts problems you face. Right 


now a Certified Textolite Fabricator is within easy reach—ready 
to give you quick, local delivery on machined and hot- or cold- 
punched laminates. When you have problems in the selection and 
application of the basic material, call your nearest Textolite Sales 
Representative or write R. T. Walsh, Manager, Technical Service, 
Laminated Products Dept., General Electric Co., Coshocton, Ohio. 


Ohio—Michigan—Pennsylvania: Jaco Products Cc 

2150 St. Clair Ave., Cleveland 14, O.; M. L. Parker 
Co., 8699 West Chicago Ave., Detroit 4, Mich.; Earl 
B. Beach Co., Verona Rd., Pittsburgh 21, Pa.; Vernon 
Montage Cec Route 3, Butler, Pa.; Stahlin Bros 
Fibre Works, Belding, Mich. e New England: Emmc« 
Plastics Fabricators Co., 68 Vine St., Everett, Mass 

Insulating Fabricators of New England, Inc., 69 
Groove Street, Watertown 72, Mass.; Hampden 
Manufacturing Co., Three Rivers, Mass.; Plastic 
Fabricators, Inc., P. O. Box 32, West Franklin, N. H 

Insulation Products Ce 7 Springfield St., Chicopee, 
Mass.; Electronic Plastics Corp., 16 New Salem St 

Wokefield, Mass.; Laminated Sheet Products Cort 

449 Neponset St., Norwood, Mass Universal 
Products, Inc., 224 North Montello St., Brockton 
Mass. @ Upstate New York: Rochester A & B Cc 

1378 East Ridge Rd., Rochester 21, N. Y.; Precision 
Fabricators, P. O. Box 230, West Commercial St., 
East Rochester, N. Y. © New York-New Jersey: 
Comco Plastics, 98-34 Jamaica Ave., Richmond Hil 


70 


aN. UY Electrical Insulation Co., Inc., 1245 
Marconi Blvd., Copiaque, L. |., N. Y.; Insulating 
150 Union Ave., East Rutherford, 
N. J.; Insulating Specialties, Inc., 15-19 Evans 
Terminal Rd., Hillside, N. J.; Thomas J. Long, Inc., 
2150 Stonehinge Lane, Carle Place, L. |., N. Y.; 
Sheffco Manufacturing Corp., 323 Bergen Blvd., Fair- 
view, N. J. © Middle Atlantic: Engineered Plastics, 
Inc., P. O. Box 508, Gibsonville, N. C.; Earl B 
Beach Co., 1609 Vine St., Philadelphia 3, Pa.; 
Penn Fibre & Specialty Co., 2024 E. Westmoreland 
St., Philadelphia 34, Pa.; Brandywine Fibre Products 
Co., 15th & Poplar Sts., Wilmington, Del. ¢ Ohio 
Valley: Aqua Sportsman, Inc., 2518 Leslie Ave., 
Cincinnati 12, O.; General Rubber & Supply Co., 
3118 S. Preston Hwy., Louisville, Ky.; Hersh Packing 
& Rubber Co., 72 Jennings Ave., Canal Winchester, 
O. @ Texas: A & A Supply Co., 1839 Levee St 
Dallas, Texas @ Chicago: Permonite Manufacturing 
Co., 910 West Jackson Blvd., Chicago 7, Ill 
Micarta Fabricators, 5324 Ravenswood, Chicago, II! 


Fabricators, Inc., 
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Textolite 


INDUSTRIAL LAMINATES 


GENERAL @@ ELECTRIC 


One of these Certified Textolite Fabricators 
can give you expert service and fast, local 
delivery on fabricated Textolite parts: 


Precision Phenolics, 10031 Franklin Ave., Franklin 
Park, Ill.; Jetron Mfg. Co., 1665 Milwaukee Ave., 
Chicago, IIl.; Fibre Fabricators, Inc., 4540 W. 
Addison St., Chicago 41, Ill.; Mandex Mfg. Co., 
2614 W. 48th St., Chicago 32, Ill. ¢ West Coast: 
Plasti Parts, 2774 E. Walnut, Pasadena, Calif.; 
Conroy & Knowlton, 2315 Ripple St., Los Angeles 
39, Calif.; Superior Plastics, 141 Arena, El Segundo, 
Calif.; Accurate Electronics (copper clad), 13215 
Ledwell, North Hollywood, Calif.; Packard Bell 
(copper clad), 12333 W. Olympic Bivd., Los Angeles, 
Calif., Eclipse Engineering Corp. (copper clad), 
3046 Fletcher Drive, Los Angeles 65, Calif.; Kennedy 
Plastics, 335 S. State St., Alhambra, California 
© Wisconsin-Minnesota: Midland Plastics, Incorpo- 
rated, 221 N. Water St., Milwaukee, Wisconsin; 
Asbestos Fabricators, Incorporated, 5042 W. State 
St., Milwaukee, Wisconsin; Bureau of Engraving 
Incorporated, 510 S. 4th Street, Minneapolis 15, 
Minnesota; Federal Tool & Die Company, 
3600 Alabama Avenue, Minneapolis, Minnesota 
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-~ RECORDER MARK |! 
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BAUS INSTRUMENTS 


3 
2 


OOO 


rT 


( 
* 


fh 


in writing 
anywhere 


There is no direct writing recorder on the market that approaches the compact 
Mark II in sheer usefulness. It is a completely integrated engineering tool 

that can be operated by anyone... in the shop or in the field . . . for countless 
research or design requirements. Every function necessary for uniform, 

crisp, easily reproduced readouts is ‘‘built-in’’. The Mark II gives you two analog 
channels plus two event markers; 4 chart speeds; DC to 100 cps response 

with 40 mm amplitude; 10 mv/mm sensitivity; high input impedance. 

Immediate shipment from stock. Call, write or wire for complete details. 


brush INSTRUMENTS 


DIVISION OF 


37T AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 
CORPORATION 


‘ 


En A 


+ 


Uw Co 


+ 





recording 

systems 
no one |s 

as qualified 
S Brus 


Chart paper loads from tor 


byt ae 
“TAT TAA i 
_ Ao Ag Trice contrast control 


mple pushbutton speed selection 


Why? Simply because Brush recording systems such as this 6-8 
7 fae |) : channel unit incorporate all of the known refinements in the 
mo ip eve ee art of recording by direct writing. No comparable system in ex- 
lee ae een eee. istence today is as compact . . . as simplified . . . as reliable . . . as 
lz o ° @ \ versatile. Note slide-mounted oscillograph and interchangeable 
ie oe .9 0 O00 Oe “plug-in’”’ signal conditioners that provide four vital functions 
a Ee in addition to amplification: high input impedance, zero sup- 

pression, attenuation and calibration. 


Instantaneous rectilinear presentation gives clear, uniform and 
#88) cecccecee reproducible traces for precise readout of telemetry, computer, 
: ground control and other data gathering operations. Further, 
this functionally designed system has a “pull-out” horizontal 
writing table for convenient annotation and reading... 
without turning off the recorder! Check these and many other 
advanced features for yourself and you'll see why no one is as 
qualified as Brush. Call, write or wire for complete details. 


brush INSTRUMENTS 


DIVISION OF 


a 
37™4 ANO PERKINS | CLEVITE | CLEVELAND 14, OHIO 
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effective automation — 





begins before the start 


with COORDINATED CONTROL 


Automatic control, the vital element which helps make automation and its 
many important production benefits possible, involves much more than top 
quality control equipment. And for most effective automation, automatic 
control begins long before the start-up—should in fact be the starting point 
for automation planning. 

Today, automation’s demanding need for greater effectiveness through 
continuous, controlled operation, can only be fulfilled by coordinated control 

automatic controls designed with a thorough knowledge of, and completely 
integrated with, all the elements which comprise an automated process, 
system, or machine. 

Since automatic control is the “nerve center” of industry's highly compli- 
cated electrical drive systems, only a control specialist is best qualified to 
coordinate these systems—a control specialist whose product and industry 
trained engineers work as partners with engineering and manufacturing 
personnel, consulting engineers, contractors and other equipment suppliers. 

That’s why today, more and more automation-minded manufacturers every- 
where are turning to Clark Controller for completely coordinated control 
engineering service and equipment. 

For concept to start-up coordination of the automatic control in your 
particular operation contact your nearest Clark Controller sales office. Or, 
write direct to The Clark Controller Company. ona 


ln HH 
Ee) CLARK CONTROLLER 


Everything Under Control * 1146 E. 152nd St.* Cleveland 10, Ohio 


U | J} IN CANADA: CANADIAN CONTROLLERS, LIMITED © MAIN OFFICES AND PLANT, TORONTO 
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ete A 


REFERENCE GUIDE TO 
High-temperature 


VOLTAGE RANGE : TOLERANCE RANGE 
75 to 3,000 S (CONDUCTOR 
VOLTS TEMP) 


\ 
\\ well, 14 
i Wy 


miren es 


Available All types meet Military Specifica- 
tion MIL-W-16878C. Many of 
INSULATIONS and JACKETS these wires are also available with 


shields or nylon jacketed shield. 
Flamenol* (polyvinyl chloride) Nylon I All can be supplied either striped 
Polyethylene Dacron} or in solid colors in accordance 
with RETMA color code. Varia- 

Nylon Teflon : soe te . ; 
tions in insulation and jackets are 
Teflon Glass braid wn available to fit your specifications. 


Deltabeston* (asbestos and glass) Polyvinyl chloride 
Silicone rubber Neoprene 


Silicone rubber —and many others 
impregnated asbestos 


Progress /s Our Most Important Prodvet 
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Electronic 


Wire 


An outline of the capacities, the components, and the benefits obtainable 
in General Electric’s comprehensive line of electronic wires 


You get high-temperature electronic wire for every 
application. Here are just a few: 


— internal wiring of electrical and electronic equip- 
ment, meters, and panels. 


— general-purpose wiring where excellent resistance to 
moisture and solvents may be required. 


—low-voltage wiring, where space savings are 
important. 


— coil leads to Class H insulated equipment. 
— aircraft, rocket, and missile wiring. 


eRe 


You get G-E electronic wire directly from stock sup- 
plies, with exactly the size and the properties you need 
in conductor, insulation, and jacket. 


You get custom-engineering and exactitude of design 
and manufacture in every wire in the G-E line. You 
can count on all General Electric high-temperature 
electronic wires for complete reliability and efficiency. 


You get engineering service. If you need a special 
wire for a new or unusual application, G-E wire and 
cable field engineers will be glad to discuss your prob- 
lem with you. 


OTHER TYPES OF G-E WIRE FOR ELECTRONIC EQUIPMENT 


Magnet wire 


of every type and shape, in a variety of sizes. Insulations available: in- 
clude Formex* and Alkenex** enamel films; and Deltabeston glass or 
asbestos coverings. A variety of fabric, thermoplastic, and film insula- 
tions are also available. 


Aircraft wire 


G-E Flamenol aircraft wires are qualified products and are listed as ap- 
proved under these Military Specifications: MIL-W-5086A—Types I, Il, and 
Il; MIL-W-702A; MIL-W-8777A (ASG); MIL-C-7078A, Types | and II; and 
MIL-C-25038 (USAF). 


INSULATION 


Thermoplastic 
S1-57525 Nylon Jacketed 


Thermoplastic 
S1-57526 Plain 
S1-57527 Nylon Jacketed 


Thermoplastic 
$1-57528 Plain 
S$1-57529 Nylon Jacketed 


Teflon bec 
SI-57533 
$1-57535 


Teflon 
$1-57534 
$1-57536 


Silicone Rubber 
S1-57541 Plain 
S1-57542 Glass Braided 


Silicone Rubber 
$1-57530 Plain 
S!1-57531 Glass Braided 


—— 


Extruded 
Fused-tape Type 
Extruded 
Fused-tape Type 





$j. 
| 
| 
| 


il napeeaasieanan 


Radio hook-up wire 


Recommended for radio, electronic, and other communication instruments, 
electrical measuring instruments, electronic devices, and ground installa- 
tions. Also to meet MIL-W-76A and MIL-C-915A Specifications. 


Cables 


to meet armed services 
specifications. 


*Registered Trade-mark General Electric Co. 
**Trade-mark General Electric Co. 
+ duPont Registered Trade-mark 


AWG SIZE 
(approx) 


VOLTAGE COND. TEMP 


600 115C 


105C 
115C 


105C 
115C 


200 C 


200 C 


200 C 





0000-24 
0000-24 


200 C 





c--—--—-—————————-— For complete information, just mail the coupon. -—————————————-—4 


General Electric Company, Wire and Cable Department 
Section W234-1122, Bridgeport 2, Conn. 

Please send me complete details about items checked: 
Name 
Title 


Company csiasesitomlite 
Address - a 


City Zone es 


(] Formex, Deltabeston, 
Alkenex, and other 
magnet wires 


(0 High-temperature 
electronic wire 
—— [) Electronic wire for air- 


craft, missiles, and rockets [_) Radio hook-up wire 


(] | have described my electronic wiring problem 
on the attached sheet. What do you suggest? 


Ais ii is Usa i Si i eh lb ie chs asp Sm ib i cn cs ct ec ci i i pian aca aia iin eiaemaan 
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Which of these 
eaKF bearings 


fits the needs 
StsF continually produces all of these 
standard bearings—in countless sizes and of your design? 


variations—in production quantities. 
And practically all of them have exclusive 
features that benefit you. 


Take the spherical roller bearing, for example. 
Recently re-designed, it now offers 25 to 50% 
increased capacity and 2 to 34 times 

longer service life. Yet it’s a standard StF 
bearing—promptly available in over 130 
standard sizes ranging from 2.4” to 53.5” O.D., 
with every possible combination of seals, 
shields and adaptors to 

meet your specifications. 


But why not get full 
details on this—or any 
other— StF bearing? 
Each is made to do an 
efficient, economical job 
for you. Call any one 

of the 25 S&F sales 
offices today. 5906 


Cylindrical . 
Roller Bearing 


yoa 


Spherical, Cylindrical, Ball, and “Tyson Tapered Roller Bearings 


CP eee eee eee emer eee e eres eeeeeee ee es eee 
* REG. U.S. PAT. OFF, 
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CONSIDER... 


Products shown are 
twice actual size 


Lockheed for electronic ceramics 


The research, development and manufacture of miniature 
electronic ceramic components is centered in the new Elec- 
tronic Ceramics Laboratory at Lockheed Electronics and 
Avionics Division (LEAD). 

This facility is fully able to provide electronic ceramics to 
meet your particular specifications: MEMORY CORES, a whole 
family of square loop cores to suit computer and shift register 
applications: MULTI-APERTURE DEVICES (MAD), Cavitron equip- 
ment for the volume production of any geometry of MAD; 
RECORDING HEADS, of very dense materials with high flux 


density ground to a micro-finish; GARNETS, poly-crystalline 
yttrium-iron garnets with minimum line width and loss 
tangent; ALUMINA SUBSTRATES, of high mechanical strength, high 
electrical resistivity and low dielectric loss; cuP CORES, in any 
size to specified inductance and minimum temperature coef- 
ficient; HIGH “Q’’ MATERIALS, for use as inductors, tuning slugs, 
transformers—frequency ranges from 1 to 50 megacycles. 

What are your requirements? Write... Marketing Branch, 
6201 E. Randolph Street, Los Angeles 22, California. Telephone 
OVerbrook 5-7070. 


Look to Lockheed for LEADership in Electronics 


LOCKHEED ELECTRONICS & AVIONICS 


Requirements exist for staff and supervisory engineers 
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Shhhhhhhhl | 


You'll have to be quiet to hear the new 
WESTINGHOUSE AIR-LINE MOTOR! 


You can hear a pin drop alongside a new, extra-quiet-running Westinghouse 
Air-Line motor. This new 48-frame shaded-pole or permanent split capacitor 
motor is the quietest and most failproof motor you’ve ever used. 

So very quiet because a Westinghouse design exclusive, a cushion of oil 
between nylon washers, never gives sound a chance. 

So failproof because Westinghouse has eliminated the major source of 
air conditioner failures by welding and wrapping all electrical connections 
with multiple windings of insulating tape. 

So moisture resistant because Westinghouse builds the entire motor for 
moisture resistance—with Mylar* insulation, a corrosion-resistant shaft, 
and double-dipped motor windings. 

So much shorter—the shortest motor ever—with perfectly flat end-bells 
and recessed bolts. 

No oiling for five years or more with Permawick lubricating system. 

With plug-in terminals or leads depending on your requirements. 

Plus dozens of other features that your local Westinghouse sales repre- 
sentative will be proud to show you. Ask him for a demonstration today. Or 
write to: Westinghouse Electric Corporation, Mr. C. B. Jakes, Industrial 
Motor Department, Lima, Ohio. 


*DuPont registered trade-mark J-03054 


(ey 


You CAN BE SURE...1F IT's \ Vestinghouse 


WATCH "WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS" CBS TV FRIDAYS 
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Count on for this 
2-way Saving in bit costs 


&. You get 4 RUE PHILLIPS Insert Bits” 


HY-PRO PHILLIPS Insert Bits cost 
only about one-fourth as much as solid 
bits, and there is no extra expense for 
re-sharpening. When a HY-PRO bit 


for the cost of 1 wears out, you simply replace it with 
. and restore full driving 


; a new bit . 
Cj Se efficiency at negligible cost. 


conventional bit 


-HY-PRO PHILLIPS Insert Bits are FORGED 


Tested and proved to es ee teres at 
igh strength forge « its” 
_ outlast other bits are production tested and proved to — 


have an average service life double 
that of the best comparable bits. Many © 
users report even greater margins of — 
extra life for HY-PRO bits, often as 
high as 4 to 1. 


Make your own tests— Compare bit life on your tough- 

est driving jobs. Figure all costs. Continental Assembly Special- | L 
ists will cooperate fully in conducting tests. You'll find HY-PRO On y CONTINENTA 
Insert Bits and Holders your best buy for lasting bit economy. makes BOTH 


Precision control with the same Phillips master tools assures PHILLIPS SCREWS 
uniformly accurate fit of HY-PRO Phillips Bits and HOLTITE 
eee | sent pee and PHILLIPS BITS 


Phillips Screw recesses. Use this proved combination for the top 
efficiency you need in assembly — especially with power and 4 
automatic driving equipment — to avoid downtime, rejects, and v 


MEMBER 


ASSOCIATION 
os SS. 


Co., 455 Mt. Pleasant St., New Bedford, Mass. 


weak f- =n i oti rite: inent¢ PW SCREW 
weak fastenings. For full information, write: Continental Screw ba caetaaane 
a, 


, > a 
ZS we 
-.~.—~ a 


HOLTITE PHILLIPS 


CONTINENTAL ars 
i WOOD * MACHINE * TAPPING 


THRE FOR ° 
SCREW COMPANY, NEW BEDFORD, MASS. aa cee 


nee FASTENERS | ma ; INSERT BITS AND HOLDERS 


HY-PRO TOOL COMPANY... DivisSIONn 
RESEARCH ENG. & MFG., INC. SUBSIDIARY 
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FOR ea 


PRECISE CONTROL 


Problem: How to coordinate two or more machines 
for greater production flexibility, lower costs 


Operating at high speeds, working to close tolerances, 
meeting high-quality standards, today’s machines 
must be controlled accurately. This is one of the 
reasons users and designers are making greater use of 
direct-current drives for coordinating two or more 
machines in multi-section process lines. 


MACHINE COORDINATION IS A NATURAL JOB FOR 
DIRECT-CURRENT POWER. For direct current can best 
provide the accurate speed matching and extra meas- 
ure of control needed for high-speed, automatic con- 
tinuous processing. 

D-c’s flexibility allows each individual drive motor 
to be run at the exact speed demanded by the section 


of the process it drives. Increased output, better quali- 
ty control and production flexibility lower the cost per 
unit of production. 


To learn more about the modern capabilities of 
direct-current power, write for your free copy of 
“WHY D-C?”, Section 829-3, General Electric Com- 
pany, Schenectady 5, New York. 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 


SELECT FROM GENERAL ELECTRIC’S COMPLETE LINE OF D-C DRIVES 


MOTORS AND GENERATORS 
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Any way it’s mounted, 


horizontally ... vertically .. . at the sharpest 
angle, this new Century Electric gearmotor 

won't drip oil. Makes it ideal for applications 
where extreme sanitation is required. A variety of 
end plates are available besides the two basic 
types shown here. 





Any way it’s mounted 


. this new 


Century Electric gearmotor 


can't drip oil 


You can mount this new Century Electric gearmotor 
horizontally ... vertically .. . at any angle and it still 
can’t drip oil. Here’s why: 

Instead of oil, gears are pretreated with a fluid 
paste while being assembled. Paste becomes em- 
bedded in gears and won’t wear, drip or fly off. No 
further lubrication is needed. Means you have no 
lubrication maintenance worries with this gearmotor. 


Clean operation—This new double-reduction, paral- 
lel-shaft gearmotor was designed for applications re- 
quiring clean running motors. Smooth housing exterior, 
cemented-on name plate and pressed steel dome make 
motor easy to keep clean. A stainless steel shaft is 
available at a small extra cost. Rigid sanitation re- 
quirements can be met with this gearmotor. 


Compact power—In an overall length of only 13 
inches the new Century Electric gearmotor unit de- 
livers speeds of 30, 37 or 56 RPM. It’s available with 
\¢ hp split phase, single-speed or multi-speed motors. 
The compact unit requires little more space than a 
standard motor. And it can be used to drive equipment 
such as small conveyors, pumps, mixers and agitators. 


CENTURY 


Reserve strength—Here are a few of the features 
which give the motor plenty of reserve strength for 
tough applications: 
Helical gears and pinions are precision machined for 
quiet operation and long wear. Ball bearings support 
intermediate shaft. 


Output shaft is supported by ball bearings care- 
fully assembled to minimize end-play . . . stresses 
are carried by integral mounting flange or feet. 


Gears run for years with minimum noise and vi- 
bration because all have rotational tooth contact. 
Intermediate low-speed gear is made of laminated 
phenolic material for even quieter operation. 


Application aid—Century Electric sales engineers 
will be glad to discuss your gearmotor application prob- 
lem with you. Century Electric makes all kinds of gear- 
motors—fractionals, integrals, polyphase, single phase 
and direct current—and Century makes 

a complete line of motors as big as & 

400 hp. You will find the new Century 

Electric Motor Application Guide help- 

ful . . . please write for bulletin 270A. gS 

For more than a motor... 


ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


ame 


Mounting dimensions for new Century Electric, 
double-reduction, parallel-shaft gearmotor. Available 
in Ye hp. Output speeds 30, 37 and 56 RPM. 
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Other new Gearmotors include Century's line of single-reduction, right- 
angle shaft gearmotors .. . 
polyphase motors. Century also makes a complete line of integral hp. gearmotors. 


they are available with both single phase and 
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Wherever reliability is vital... 
you'll find BARDEN PRECISION ball bearings 


Barden Precision ball bearings are basic components in the 
instruments and mechanisms that meet today’s toughest re- 
quirements for systems reliability. You'll find them in navi- 
gation and flight instruments...in guidance and control sys- 
tems...in computers, turbo-driven equipment and ground 
support instrumentation...wherever reliability is vital. 


When you need top bearing performance, Barden provides 
it with functionally tested bearings of uniform quality— 


standard or special—for prototypes or extended production 
runs. Because Barden is exclusively a producer of highest 
precision ball bearings, you get the full benefit of its special- 


ized design, manufacturing and application experience. 


The complete Barden line includes bearing sizes from .0469” 
bore to over 3” O.D., all produced to Barden Precision 


standards of dimensional accuracy, uniformity and reliabil- 


ity. Write for catalog and bearing selection guide. 


jorretaviny..coecty BARDEN fag PRECISION BALL BEARINGS 


THE BARDEN CORPORATION, 
Western office: 3850 Wilshire Bouw.cvard, Los Angeles 5, California. 


Circle 164 on page 17 


69 East Franklin St., Danbury, Connecticut 





ELECTRICAL MANUFACTURING 


MAGNET WIRE 


For dip, iron, torch, or gun soldering 


without stripping 


Here’s the best answer to high-speed production sol- 

dering whether you use an iron, torch, gun, or dip. At 

700° to 750°F., SodALite’s polyurethane enamel insu- ; 
lation vaporizes instantly and produces a high-quality ANY WIRE PROBLEMS? Write, 
connection within seconds. stating your wire problems, or 


SodALite is rated for 105°C. (Class A) operation. mail ae for the complete 
SodALite is superior to Formvar at its rated tempera- Auto-Lite Magnet Wire Catalog. 
ture and offers equivalent life to Formvar if maximum 


a 
hot-spot temperatures do not exceed 120°C. | 


AUTO-LITE GENERAL PRODUCTS Group ‘™) 
SodALite, bright red in color, has excellent handling, | Toledo 1, Ohio 
abrasion, physical, electrical, and chemical properties. | 
Available in two grades, single and heavy, it can also j Please send new magnet wire catalog | 
be supplied with cement topcoat (for bonding), with | | 
matte surface, or with nylon overcoat. Any of these | Name | 
constructions can be produced in four additional colors | | 
. : aa : : s 2 Company 
for identification in winding. | 
| 
| 
| 


Add 
SodALite is a member of the full Auto-Lite line of out- bares 


standing magnet wire—BondALite « DacALite « IsALite « City and State 
LectALite « NyALite « SodALite 


AUTO-LITE 


GENERAL PRODUCTS GROUP « TOLEDO 1, OHIO 


Plants at Port Huron, Michigan, and Hazleton, Pennsylvania 


LISTEN TO NBC “‘NEWS ON THE HOUR’’ BROUGHT TO YOU BY AUTO-LITE, MONDAY THROUGH FRIDAY, 7 A.M. TO 11 P.M, 
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Fodler QUIK-STIK POLYETHYLENE ELECTRICAL TAPE 


e Ideal for all outdoor and indoor, underground or e Low moisture-permeability, high abrasion- and 

overhead wiring, in utilities, electronics, aircraft, corona-resistance. 

automotive, and general use. e Resists acids, alkalies, oils, solvents, fungus, 

e One-wrap, single-wind primary insulation. pena - Quik-Stik polyethy! 

oa et full information on Porter Quik-Stik polyethyl- 

e Permanent s ack .. . fast-sticking anywhere! —e . : o> 
Perm anes strong tack fast-sticking anywhe n ene tape by writing today to Thermoid Division, 

e Dielectric strength tested to 1,000 volts per mil; H. K. Porter Company, Inc., Tacony & Comly Sts., 
uniform power factor over wide frequency range. Philadelphia 24, Pa. 


THERMOID DIVISION Hl ; Hy H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY: with Rubber and Friction Products—THERMOID DIVISION; Electrical Equipment—DELTA-STAR ELECTRIC DIVISION, NATIONAL ELECTRIC DIVISION; 

Specialty Alloys—RIVERSIDE-ALLOY METAL DIVISION; Refractories—REFRACTORIES DIVISION; Electric Furnace Steel—CONNORS STEEL DIVISION, VULCAN-KIDD STEEL Divi- 

SION; Fabricated Products—DISSTON DIVISION, FORGE AND FITTINGS DIVISION, LESCHEN WIRE ROPE DIVISION, MOULDINGS DIVISION, H. K. PORTER COMPANY de MEXICO, 
S. A.; and in Canada, Refractories, “Disston” Tools, “Federal” Wires and Cables, “Nepcoduct” Systems—H. K. PORTER COMPANY (CANADA) LTD 
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at ae 
CONTROL 
COMPONENT | 
Pei Tm cole ey. 
STAKE YOUR 
REPUTATION ON 


Auviliaries: standard, low power 


Dependable thermal 0O.L. relays 


It’s completely versatile and designed for both standard and specialized controls 


From the litile Size 00’s to the powerful 
Size 5 contactors you'll find maximum 
reliability built right in... whether your 
application is in motor control, resistive 
heating or lamp switching. 

Meticulous attention to design features 
guarantees you top-notch performance 

. especially where hi-reliability is a 
“must.” All AC and DC contactors for 
example, come equipped with simple, 
fast-acting, trouble-free solenoids. There 
are no complicated linkages or poten- 
tially troublesome pins or bearings... 
no adjustments needed either. 

The main and auxiliary contacts are 
of the double break type designed for 
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maximum reliability even where high in- 
rush currents are met. Contacts are ac- 
cessible for inspection, too! 

Other key contactor design features 
include: identical mounting centers for 
AC and DC; all units designed for front- 
of-board wiring and mounting; magnetic 
blowouts furnished above 25 amp. size 
on DC; fully accessible terminals make 
installation easy. 

On your next control job, standard or 
special, specify W/L Control Compo- 
nents. Send for detailed Control Catalog: 
Ward Leonard Electric Co., 34 South St., 
Mount Vernon, N. Y. (In Canada: Ward 
Leonard of Canada, Ltd., Toronto.) 95 
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RESISTORS | RHEOSTATS} RELAYS 


ileal ia 


i) LEONARD 


ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 


LIVE BETTER... E/ectrically 
BR eelE-E ryintored Contiols Since 1812 


' 
' 
‘ 
' 
‘ 
‘ 
‘ 
' 
' 





Beat the heat with 


MALLORY VITREOUS ENAMEL RESISTORS 


@ Conservatively rated to run at 300°C surface 
temperature at rated load in free air at 40°C. 

e@ Thermally-engineered alloy, enamel and ceramic 
components give higher resistance to thermal 
shock. 

e@ Superior humidity and corrosion resistance. 


The broad line of rugged, long-lived Mallory wire- 
wound resistors covers ratings from 3 to 240 watts, 
in fixed, adjustable and multi-tap styles. Write or call 
us for a quotation. 
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Maliory Controls Company 
Frankfort, Indiana 


a division of 


R.MALLORY &CO Inc 
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Compliments 


of a friend... 


send for it/ 


att This illustrated book covers every type of 

“eeme™ Roebling Magnet Wire—how it’s made, tested, 
packaged. Complete tables of sizes, weights, shipping 
information—plus interesting temperature, specification 
and test data. You shouldn’t be without these facts if 
magnet wire of any description fits into your manu- 
facturing picture! 

Your free copy is waiting for you. Just write—today— 
to Electrical Wire Division, John A. Roebling’s Sons 
Corporation, Trenton 2, New Jersey. 
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Electrical Wire Division 
John A. Roebling’s Sons Corp. 
Trenton 2, New Jersey 


Please send my free copy of Roebling's new 
Magnet Wire Fact Book. 


Nome 
Company. 
Street 
City 
State. 


ROEBLING ¢é 


Branch Offices in Principal Cities 
Subsidiary of The Colorado Fuel and iron Corporation 





Sola reduces prices on :+1% static- 


Sola Sinusoidal type 


Constant Voltage Transformers 


for universal application, 


now moderately priced 


Housed unit with mounting plate typical of 
structures employed in 60va to Ikva ratings. 


An important advance in the field of 
voltage regulation is the development of 
a new line of Sola Standard Constant 
Voltage Transformers with sinusoidal out- 
put. New design enables us to price them 
about the same as previous models not 
having sine-wave output. Now you can 
have the advantages of +1% static-mag- 
netic voltage regulation in new applica- 
tions requiring harmonic-free input where 
previously the cost was a deterrent. 
These new units provide output voltage 
regulation of +1% for line voltage varia- 
tions as great as +15%. They regulate 
automatically and continuously. Fast re- 
sponse time averages 1.5 cycles or less. 
Output has less than 3% total rms har- 


monic content, and formulae based on 
sinusoidal wave shape may be used in de- 
signing related load circuitry. 

Design and production innovations 
make these new units substantially smaller 
and lighter than previous models. They 
are relatively compact compared to other 
equipment for comparable ac voltage regu- 
lation. They are easy to select and order 
—the buyer merely selects the stock unit 
whose output capacity equals or exceeds 
the desired equipment input. Sola Stand- 
ard Sinusoidal CV Transformers are avail- 
able in nine stock output ratings from 60va 
to 7500va. Custom designs to meet special- 
ized requirements are available in produc- 
tion quantities. 


Write for full information 


With electrical control systems and components continuing to in- 

crease in number and complexity, and imposing more rigid reliability 

requirements, these new Sola Constant Voltage Transformers provide 

many advantages and virtually unlimited application. Fhey are the 

result of over four years of development, design, and production engi- 
si neering in the Sola laboratories and plant. 


These developments mean superior voltage regulation, giving you 


a bonus in equipment reliability and performance at no increase in cost. 

For full information, please write for technical literature on Sola 
Constant Voltage Transformers. We will mail it promptly, or if you 
wish, we will have a representative call on you. 


ELECTRICAL MANUFACTURING 





Sola Normal-Harmonic type 


magnetic voltage regulators 


Constant Voltage Transformers 


now specifically designed and 


priced for component use 


End-bell unit with separate capacitor typical 
of structures engineered for component use. 


Re-design of Sola “Normal-Harmonic” 
type static-magnetic voltage regulators 
has resulted in a significant reduction in 
their size and weight. Prices on many of 
these units have been reduced. Now it’s 
possible for you to improve equipment 
performance by using them in many new 
fields at less cost than ever before. Re- 
design has in no way sacrificed the per- 
formance of these units—they provide all 
the outstanding benefits which have made 
them the standard of the industry for 
more than fifteen years, 

Sola Normal-Harmonic type voltage 
regulators provide +1% output voltage 


with line voltage variations as great as 
+15%. This group has an average of 14% 
total rms harmonic content in its output 
voltages and is suited to equipment not 
extremely sensitive to voltage wave shape. 

Sola Normal-Harmonic type voltage 
regulators are available in nineteen stock 
ratings from l5va to 10kva, including 
those mechanical designs specially engi- 
neered for use as built-in components. 
With many of the most popular ratings 
now reduced in price, these Sola Constant 
Voltage Transformers provide one of the 
most economical means of close voltage 
regulation in a broad range of applications. 


Sola Manufactures: Constant Voltage Transformers, Regulated DC Power Supplies, 
Constant Wattage Mercury Lamp Transformers and Fluorescent Lamp Ballasts 


SOLA 


A DIVISION OF BASIC PRODUCTS CORPORATION 


SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 5SO, Iilinois 


Sales Offices in all principal cities 
IN CANADA, Sola Electric (Canada) Ltd., 24 Canmotor Ave., Toronto 18, Ontario 
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Naelieie 
WUTC 


att 
SUaTES 


UNIFORM 


PUNCHING 


| 


PROPERTIES reduce your production costs! 


Uniform flatness... clean surfaces... tight surface 
oxides. These qualities of Republic Silicon Steels help 
keep production costs at a minimum for a well- 
known electrical manufacturing company in North- 
east Ohio. These qualities can cut your costs, too, by 
speeding punching operations, and prolonging 
die life. 

Republic Silicon Steels, in coils and cut lengths, 
are continuously annealed under carefully controlled 
atmospheric conditions. Quality control procedures 
begin at the open hearth, and include laboratory test- 
ing at critical stages of production. 

Republic Silicon Steels . . . including core plates 
... are available to meet a wide range of manufactur- 
ing requirements. For details, contact your Republic 
assured through use of Republic Silicon Steels. office, or write Republic Steel Corporation, Depart- 
The result is superior electrical products at lower ment EM-8452, 1441 Republic Building, Cleveland 
cost for the company’s customers. 1, Ohio. 


PHYSICAL AND MAGNETIC UNIFORMITY of lami- 
nations produced in the plant shown above is 


REPUBLIC STEEL 
Welt Wiest Rewge of Stladard, Stole aud, Stool Pjodliwa 
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THE TORRINGTON mag 


TORRINGTON, CONNECTICUT + VA 


ie 

\ BASIC METHODS 
‘OF MOVING AIR 
HAVEN'T CHANGED 


BUT TORRINGTON HAS | 
DEVELOPED HUNDREDS 
OF THOUSANDS OF 
VARIATIONS OF THOSE 
BASIC METHODS 

IN PROVIDING PEAK 
AIR MOVING EFFICIENCY 
TO INDUSTRY. 


THAT’S WHY MOST 
PRODUCT DEVELOPMENT 
ENGINEERS TURN 

THEIR AIR MOVING 

’ PROBLEMS OVER TO 

* TORRINGTON! 














HEAVY DUTY BALL BEARINGS... The ball 
bearings used in these motors are of the high- 
est quality, with more than ample capacity to 
provide long trouble-free service under heavy 
loads. 


Bae” 


BEARINGS CAN BE RELUBRICATED. .. Original 
factory lubrication will last for years in normal 
service—but convenient grease plugs are pro- 
vided to permit relubrication that adds to 
motor life under severe conditions. 





SECURELY SEALED FOR LOW MAINTENANCE 
..- Both ends of these motors have running 
shaft seals to keep the bearings clean. Bearing 
housings are effectively sealed to prevent 
escape of grease. 


Wagner Totally Enclosed Motors 
Designed to give you Extra Protection 


PROTECTED 


AGAINST 


CORROSIVE... 
ABRASIVE 


OTHER FRAME SIZES AVAILABLE 


Here are motors that will deliver full-rated horsepower under the 
toughest service conditions—that will help you keep your production 
rates up, and give you the kind of dependable, continuous operation that 
is sO important to automation. 

Type EP Motors are fully protected against damage from corrosion, 
dust, abrasives, fumes, steel chips or filings. Type JP is explosion proof 
as well—is designed and approved for use in explosive atmospheres. 
Integral ratings, 1 through 100 horsepower, are built in the latest 
NEMA frames, 182 through 445 US, with ribs that add mechanical 
strength and increase the surface cooling area. 


Let your Wagner Sales Engineer show you how these protected motors 
can bring you savings on initial motor costs, maintenance costs, and in 


continuity of operation. 


Branches and Distributors in All Principal Cities 


Wagner Electric G@orporation 


6454 Plymouth Ave. « St. Louls 14, Missouri 


TYPE JP. 


Explosion proof 


1 to 100 hp. 


IN RATINGS 


TYPE EP. 
Standard TEFC 
1 to 100 hp. 


THROUGH 500 HP. 





FIBRE FACTS FOR ENGINEERS 


NUMBER 2 


THE USES OF VULCANIZED FIBRE'S INHERENT TOUGHNESS 
by Earl A. Russell, Chief Engineer, Spaulding Fibre Company, Inc. 


The toughness of Vulcanized Fibre often 
contributes uniquely to meeting crucial 
requirements of an application as well as 
to making possible low cost fabrication. 
For example a vulcanized fibre kickback 
plate in a bowling alley makes effective 
use of its built-in toughness while in an 
automobile starter switch the toughness of 
fibre permits swaging a supporting bush- 
ing to fit the switch case. 


What die casting does in reducing the 
cost of odd shaped parts in metals, swaging 
does with vulcanized fibre. In addition to 
being tough enough to readily withstand 
punching operations, it is also sufficiently 
plastic to permit swaging to shape. In this 
particular swaging operation the fibre is 
compressed in some areas and flowed into 
raised areas to form a shank fitting into 
the hole and a shoulder fitting the contour 
of the starter switch case (Fig. 1). 


In the assembly the sturdy switch con- 
tacts are economically mounted and fully 
insulated with vulcanized fibre, taking 
advantage of the toughness of the fibre 
parts to provide adequate support against 


the impact of entering switch contacts. 


It may be noted further that combined 
with the toughness to withstand punching 
and the plasticity to permit swaging into 
low cost parts, vulcanized fibre provides 


the required electrical insulation. 


In the bowling alley application (Fig. 
2) wood could not take the beating from 
the pounding blows of the pins as they 
smash against the partitions that separate 
the alleys. For protection of the wooden 
partition, the toughness of vulcanized fibre 
is required to withstand the repeated 
blows from the pins. At the same time the 
fibre must be sufficiently plastic to avoid 


damaging the pins yet resilient enough to 
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provide acceptable rebound for desir- 


able pin action. 


Fibre performs these unusual func- 
tions through years of service at sur- 


prisingly low cost. 


In railroad track insulation, athletic 


protective parts, gaskets for high pres- 


FIGURE 1. A complex shape difficult to machine 
by ordinary methods, this vulcanized fibre 
bushing is swaged and punched in one oper- 
ation to produce a low cost part to meet strict 
requirements of toughness. Supporting heavy 
duty contacts under repeated shock loads, the 
bushing also insulates the contacts against the 
surrounding case. 


FIGURE 2. Tough vulcanized fibre kickback 
plate absorbs the impact of the flying pin 
without damage to the pin or the partition. 
The rebound action, so necessary to top scores, 
is possible because of the resiliency of the 
fibre. 


sure systems, switch parts, electric motor 
parts and formed parts for many appli- 
cations, the toughness of fibre combines 
with other important properties to pro- 
vide a simple part which performs two 
or more functions with good results 


and low cost. 


A NEW 12-PAGE REFERENCE BOOK 
FOR YOUR DESIGN FILE 


Devoted exclusively to complete engineering data 
on Vulcanized Fibre. Send for your copy today. 


327 Wheeler Street 
Tonawanda, New York 


Name 


Firm 


Address 
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SPAULDING FIBRE COMPANY, INC. 


Please bring my engineering file up-to-date by sending a free copy of 
Spaulding’s “Vulcanized Fibre Engineering Data” 


Title 





Over-voltage flash test of 
cartridges before encasing is 
one of three tests given to every 
Mallory motor capacitor dur- 
ing production to assure quality. 


a 
al | t 


100,000 start cycles. This 
simulated field test of repeated 
start-stop cycles at rated con- 
ditions is typical of quality 
control procedures that check 
samples from production lots. 


ELECTRICAL MANUFACTURING 





Major contributions to motor capacitors 
have come from Mallory for over 25 years 
... higher temperature ratings, smaller 
size, higher capacity ratings, built-in bleeder 
resistors. 


Mallory Capacitor Company 
Indianapolis 6, Indiana 
a division of 
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... Lhat’s the Quality Record of Mallory Motor Start Capacitors 


Actual service charts prove that field returns 
of Mallory motor start capacitors average 
less than 0.1%. To you, as a designer or 
manufacturer of motor-driven appliances, 
the Mallory standard of dependability 
means greatly reduced cost of in-warranty 
repairs . . . and greater protection for the 
reputation of your product with customers 
and dealers. 


Behind this dependability is a compina- 
tion of long manufacturing experience and 
quality control testing which you get only 
from Mallory. 


100% production testing. Every Mallory 
motor capacitor is checked three times 
before shipment. It gets a capacitance test 
during wet-rolling . . . a Mallory-developed 
production method that assures close capac- 
ity tolerance. It is given an over-voltage 
flash test for shorts before encasing. And 
its capacitance and power factor are meas- 
ured after assembly is completed. 


Accelerated service tests are regularly 
given to statistical samples of production 
lots, putting them through tortures which 
are the equivalent of years of field usage. 
Life at elevated temperature, repeated 
start-stop cycling and frequent tests to 
destruction are constantly in progress. 


25 years of correlation. The tests we make 
show more than laboratory figures—for 
they are correlated against the “real life”’ 
statistics we have accumulated during 25 
years of developing, manufacturing and 
testing motor capacitors and following 
their service records in the field. The result: 
you’re sure of quality, because Mallory 
test data is backed by a quarter century 
of statistics. 


Our complete line gives you a broad choice 
of ratings for start and run service. Write 
or call for data, and for a consultation on 
your applications. 





SPS RELIABILITY 


A dynamic standard of predictable performance 


The big change is in the threads 


Extra strength for screw-fastened assemblies. New UNBRAKO Hi-Life thread form developed by SPS research 
features smoothly radiused contour, with more metal at root. New profile virtually doubles fatigue life, 
adds tensile strength. Hi-Life screws fit standard tapped holes, cost no more than former UNBRAKOs. 


New thread form on Unsrako Hi-Life cap screws in- 
creases fatigue life up to 100% . . . gives your product 
added reliability at no extra cost. 


For years the conventional thread root form 
for socket screws has been a truncated V 
with flat root. In the new UNBRAKO Hi-Life 
screws this is changed, the root being 
smoothly radiused from flank to flank. The 
result? A major reduction in stress concen- 
trations at this critical point. 


In terms of fastener performance, tests show 

the new UNBRAKO Hi-Life socket head cap 

screw gives you up to 100% more fatigue 
life than flat root screws. And you also get a bonus in tensile 
strength, because UNBRAKO Hi-Life has more metal at its 
minimum cross section. Both benefits are achieved without 
effect on gaging or ease of engagement. 


New Hi-Life UNBRAKOs give your product added insurance 
against failures caused by dynamic stresses—particularly under 
field conditions where screws may not always be seated or 
tightened properly. And on the assembly line, their greater 
tensile strength permits higher preloading, which lengthens 
fastener fatigue life. 
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Your authorized SPS distributor has new UNBRAKO Hi-Life 
socket screws in stock now in sizes +4 through 1% inch. See 
him for details, or write SPS—manufacturer of precision 
threaded industrial fasteners and allied products in many 
metals, including titanium. Request new Bulletin 2577. 


TENSION-TENSION FATIGUE TESTS 


Y% -20 Socket Head Cap Screws 


Testing Speed: 1050 CPM Average Fatigue Cycle Life 


Alternating Stress (psi Old Thread Root Form UNBRAKO Hi-Life Thread 





7,000 to 70,000 22,900 40,000 
5,000 to 50,000 56,650 89,950 
4,000 to 40,000 120,700 232,350 
3,000 to 30,000 598,000 1,808,000 
2,000 to 20,000 2,076,000 8,000,000* 


*Test stopped—no failure 


Tests run on 2-20 Hi-Life socket head cap screws show an increase of 
up to 100% in fatigue life over old-style screws with flat root. Radiused 
root of UNBRAKO Hi-Life thread reduces stress concentration at point 
where majority of fatigue breaks occur. 


INDUSTRIAL FASTENER Division $ 


JENKINTOWN 9, PENNSYLVANIA 
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LEADERSHIP LINE 


Westinghouse 
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Another Industry First 


Now, from Westinghouse, comes an entirely 
new line of self-adhering, fully cured tapes for 
class ‘‘H’’ flexible insulation—self-adhering sili- 
cone rubber-treated glass cloth and tapes. 


These new treated tapes, which are available coated 
on one or both sides, are ideal for cables, transformers, 
coils and lead wire because they offer these four 
insulation features: 


1. Lower insulation costs due to absence of inter- 
leaf and separator. 


2. Dielectric strength of tape greater than con- 
ventional semicured silicone rubber: tapes and 
equal te fully cured silicone rubber tapes. 


Good shelf life (three-month minimum)—this 
eliminates procurement and stocking problems. 


. Self-adhering characteristics enable the tape to 
stay in place with adequate bonding, thus form- 
ing a homogeneous structure impervious to 
moisture. 


These features add up to longer insulation life and 
lower insulation costs for the user. Silicone tapes 
can be ordered in standard width in 36- and 72-yard 
rolls, and on special cores and pad diameters for use 
with cable wrapping machines. Get full details by 
checking Box No. 1 on reply card. 


you CAN BE SURE...1F IT's \ Vesti nghouse 


—~ INSULATION REPORT NO.2 


sinister bite cd rstaal .. published by Micarta Division, Westinghouse Electric Corporation ........ Sepia ; 


Fostercast #26 Withstands Severest Tests 


Today’s engineers recognize the importance and need 
of good transformer protection. That’s why they 
specify Fostercast * 26—the Westinghouse resin that 
permits cast transformers to withstand even the 
severest flame and moisture tests. 

Fostercast #26 resin has passed the flammability 
test * 2021, as well as the thermal shock test, Type C, 
of Military Specification MIL-I-16923. Transformers 
treated with the resin have also passed the humidity 
and flammability tests of MIL-T-27A. 

Gelation and curing of the resin can be accom- 
plished at relatively low temperatures, although best 
results have been obtained at 60° to 80° C. Standard 
casting methods are used. 

Design Engineers’ Note: Fostercast * 26 resin costs 
substantially less than epoxies! 

For further information and data, check Box No. 
2 in the coupon below, and mail. 


Mail to: 


MICARTA DIVISION 
WESTINGHOUSE ELECTRIC CORPORATION 
MANOR, PA. 


Send Me Information on the Following: 
l Silicone Rubber-Treated Glass Cloth and Tapes 2 Fostercast #26 Resin 
Name Title 

Company 

Address 


Zone State 


WATCH WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS 
CBS TV FRIDAYS 
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Mass production of SCR’s is 
now a reality. The experience, 
skill and manufacturing knowhow 
of General Electric’s SCR produc- 
tion line is your assurance of de- 
pendable quality-controlled SCR’s 
—an assurance unmatched by any 
other manufacturer. 


WHAT THE SCR DOES 

The SCR is a miniature semiconductor device that 
blocks positive forward voltage in its “off” or non- 
conducting state. However, by applying a small signal 
to the gate terminal it switches rapidly to a conduct- 
ing state and acts like a single junction silicon recti- 
fier. It is completely static, arcless and fast. It is 
almost 100% efficient. It contains no mechanisms sub- 
ject to wear. As a result, the SCR can switch and con- 
trol power either faster, more safely, less expensively 
or more reliably than the many devices it replaces: 


circuit breaker, relay, thyratron, magnetic amplifier, 


rotating amplifier and many others. Among the many 
hundreds of circuit designs are these: 


General Electric Semiconductor News 


Tests prove reliability of 


Superior d-c motor operation from an a-c source. Eliminates motor 
generator sets, tubes or magnetic amplifiers to provide controlled 
d-c. Replaces mechanical speed and direction changers. 

Superior a-c generation from a variable d-c source. First really 
practical method of using static inverters with ratings of several 
kilowatts. 

Simpler conversion to high frequency. SCR converters are small 
and efficient. Extends use of high frequency power where desirable, 
as in fluorescent lighting systems. 

Pulse modulators. Compact, yet rugged replacement for hydrogen 
thyratrons in radar and beacon modulators. 

D-c regulation. Control large blocks of voltage with small losses 
by pulse width modulation. Eliminate bulky rheostats and adjustable 
d-c generators. 

Other applications: Battery charging regulator, transient voltage 
protection, dynamic braking, constant current supply, static switching, 
regulated power supply, d-c to d-c conversion, temperature control. 
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silicon controlled rectifier 


Prices again reduced, new circuits developed, 
customer designs move into manufacturing stage 


I rirvac ; 

Prices again have been reduced an average of twenty per- 
cent on General Electric’s Silicon Controlled Rectifier, pro- 
viding greater values to users. These new prices have been 


made possible through expanding production and lower 
manufacturing costs. 











AN ACTUAL PRICE PICTURE 
OF THE G-E C358 (200v) 
CONTROLLED RECTIFIER 
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TESTS AND FIELD REPORTS PROVE RELIABILITY 
Reliability of General Electric SCR’s has been steadily im- 
proved over two years of manufacturing experience. Typical 
test results point to the reliability achieved to date. 


98% survival after 1000 hours of storage at 125°. 


97% survival after 1000 hours of operation at maximum 
ratings at 125°C. 


No thermal fatigue failures after 30,000 cycles from 
20°C to 135°C and return. 

Less than one percent failures experienced by customers 
(many of which were traced to misapplication). 


SCR NOW BEING USED BY MANY COMPANIES 


The evaluation stage is passing rapidly into the application 
stage. Many products incorporating the SCR are being mar- 
keted, for the applications are proved, circuits refined and 
quantity production is a reality. These are just a few of the 
many cases where an SCR is now doing a job more effici- 
ently. less expensively, faster or more reliably than previous 
designs: 

Power supplies incorporating transient voltage protece 

tion (for computers). 

Radar modulator. 

Static switch to replace mechanical relay for aircraft, 

Three phase inverter. 

Stage lighting lamp dimming. 

Regulated power supply. 

Battery charging regulator. 

Constant current supply for a magnetic yoke. 


SEND FOR DESIGN INFORMATION 


Detailed application notes and article reprints are available 
for the guidance of designers. Your General Electric Semi- 
conductor Sales Representative will be pleased to provide 
you with complete details. Or write to Section 520110 
Semiconductor Products Dept., General Electric Company, 
Electronics Park, Syracuse. New York. Many local G-E 
Semiconductor Distributors also stock General Electric SCR 
units for fast delivery at factory-low prices. 


MAXIMUM ALLOWABLE RATINGS (Resistive or Inductive Load) 


C35D 
400 volts 
500 volts 
280 volts 


C35uU C35F C35A C35G C35B C35H C35C 
Continuous Peak Inverse Voltage (PIV) 25 50 100 150 200 250 300 
Transient Peak Inverse Voltage (Non-Recurrent<5 millisec.) : 75 150 225 300 350 400 
RMS Voltage (Vams), Sinusoidal 35 70 105 140 175 210 
Average Forward Current (Ir) Up to 16 amperes 

Peak One Cycle Surge Current (Isurge) 150 amperes 

Peak Gate Power 5 watts 

Average Gate Power 0.5 watts 

Peak Gate Current (Ic) 2 amperes 

Peak Gate Voltage (Vc) (forward) 10 volts 

Storage Temperature — 65°C to +150°C 

Operating Temperature —65°C to +125°C 


CHARACTERISTICS (At Maximum Ratings) C35F C35A C35G C35B C35H C35C 
Minimum Forward Breakover Voltage (Vso) 50 100 150 200 250 300 
Maximum Reverse (Ix) or Forward (Is) Leakage Current (Full Cycle Average) 6.5 6.5 6.5 6.5 6.0 5.5 5.0 
Maximum Forward Voltage (Vi avc) 0.86 volts (Full Cycle Average) 

Maximum Gate Current To Fire (Icr) 25 ma 

Maximum Gate Voltage To Fire (Vcr) 3 volts 

Typical Gate Current To Fire (Icr) 10 ma at +1.5 volts (Gate to Cathode Voltage) 


C35D 
400 volts 
4.0 ma 


C35U 
25 


C-35 Series—lower cost series with ratings similar to above, but for use up to 100°C maximum, with forward current ratings up to 10 amperes. 
ZJ-50 Series—a high-current series now in development, and available on a prototype-sample basis. 


GENERAL @@ ELECTRIC 


Semiconductor Products Department 
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Epoxy magnet wire has high resistance to heat shock and overloads. 


MAGNET 
WIRE 


EPOXY 


Not since Anaconda first offered Formvar many years ago 
has a magnet wire gained such rapid acceptance—and 
solved so many serious application problems —as_ has 
Anaconda Epoxy. 

The biggest reason—the unusual compatibility of Epoxy 
with virtually every insulation system in use today. No 
deterioration of the Epoxy film is experienced due to chemi- 
cal reaction with insulating varnishes tested to date, for 
example .. . no problems from film deterioration in encap- 
sulated systems. 

But Epoxy offers much more than compatibility. High 


heat resistance (Class B; 130°C)... unusual resistance to 


SEE THE MAN FROM 


Epoxy magnet wire has high dielectric strength. 


Epoxy magnet wire is unaffected by transformer oils. 


Its outstanding acceptance stems from compatibility 
— plus heat-shock resistance, thermal stability, 
high dielectric strength 


heat shock . . . high dielectric strength, even under con- 
ditions of extreme humidity . . . excellent flexibility and 
winding properties . . . outstanding adherence of insulation. 
Epoxy magnet wire is now available in a complete range of 
sizes—rounds, squares, and rectangulars. 

Epoxy magnet wire is an Anaconda development—now 
in its fourth year of production, preceded by seven years of 
research in the Anaconda magnet wire laboratories. Why 
not obtain samples and data for your next exacting require- 
ment. Ask your Anaconda man. . . or write for Epoxy 
Catalog No. C-101 and samples to: Anaconda Wire & Cable 
Company, 25 Broadway, New York 4, New York. 249 


ANACOND 


FOR EPOXY MAGNET WIRE 
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PRODUCT-DESIGN BRIEFS FROM DUREZ 


e Fire-retardant electrical laminates 


e Plastic for wire-spring relay 


Plain... 


or fancy 


This electrical laminate deserves more 
than a casual look, if only because 
there are so many things you can do 
with it. 

Made of glass-reinforced polyester, 
it comes in sheets or molded shapes 
that embody three useful attributes. 
First, they are strong enough to play 
a structural role in heavy-duty electrical 
equipment. Second, they retard fire. 
Third, their excellent electrical prop- 
erties change but little at 100% relative 
humidity. 

The shapes you see here are made 
with Hetron® polyester resin by Fiber 
Glass Industries, Inc., and are inherent- 
ly flame-retardant. Hetron burns only 
in the immediate vicinity of an arc or 
hot flame, and quickly extinguishes it- 
self when the heat source is removed. 
Thus in case of a burnout, damage is 
usually confined to a small area, with 
minimum effect on mechanical strength 
of the material. 

Generally, Hetron laminates exhibit 
very low loss factor over a wide range 
of frequencies. Dielectric constant, for 
a ¥%-inch glass-mat laminate contain- 
ing 35% glass, hovers as low as 4.25. 
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Arc resistance of such a laminate is on 
the order of 110 seconds. 

Do these traits suggest a way to 
achieve long life in equipment han- 
dling medium and high voltages? We’ll 
gladly send you the complete data file 
on Hetron resins, and names of skilled 
fabricators who can supply laminates 
and molded shapes to match your ideas. 


Building a better relay 

Often it isn’t enough to design a prod- 
uct. You may also have to find a way 
to make it. 

Such was the case when engineers at 
Bell Telephone Laboratories developed 
for Western Electric Co. a new relay, 
basic component of telephone switch- 
ing equipment. 

In one swoop the new design—called 
the wire-spring relay—promised to re- 
duce manufacturing and maintenance 
costs, work better, and last longer than 
its predecessor. However, this involved 
something that had never been done— 
molding straight wires into small plas- 
tic blocks automatically. 

Before it could be done, Western 
Electric engineers had to: 


1. devise a way to straighten small- 
diameter spooled wire; 


. feed the straightened wire into a 
mold in precisely spaced groupings; 
. embed the wires without shift in a 
molding compound that would in- 
sulate them and hold them securely 
for a relay lifetime of one billion op- 
erations or more. 


Early in the game it became apparent 
that this was a job for phenolics. A ma- 
jor requirement was fast cure. Another 
was batch-to-batch consistency of the 
molding material. At fast cure speeds, 
a 10% variation in curing time can 
mean as little as 1.2 seconds’ leeway 
between a reject and a good piece. 


Volume resistivity was important. 
Could a Durez material handle the job? 

Yes, one could. The wire-spring sub- 
assemblies you see here are made with 
it. They are being produced at low cost 
to the required accuracy in fully auto- 
matic molding machines. They prove 
the ingenuity of the men who developed 
this new concept in telephone switching 
—and the versatility that you command 
when you design with Durez materials. 

To get a better idea of how far this 
versatility goes, check the coupon for 
more information. Booklets are avail- 
able describing a range of properties 
you can get from typical Durez mate- 
rials; give helpful suggestions on where 
to use them. 


For more information on Durez materials mentioned above, check here: 





(1) Data on Hetron, including fabricator lists (50-A) 
[] Durez molding compounds (14 page booklet) 


[] General information on Durez Products (Bulletin 400) 


Clip and mail to us with your name, title, company address. (When requesting 


samples, please use business letterhead.) 


DUREZ p.astics DIVISION 


1311 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 
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No Other PROTECTOR but 
KLIXON Type T Gives Your Product 
GREATER RELIABILITY 


GREATER... 


© Assurance Against Motor Failure 
® Reduction in Repairs and Service 
© Customer Satisfaction and Goodwill 


KLIXON and only KLIXON Type T Protectors 
completely safeguard motors against all possible 
conditions that cause motor burnouts. 

Most conventional protectors used today provide 
only limited motor protection . . . against two, three 
or four overheat conditions. But KLIxXon Type T 
Protectors safeguard motors from all six causes of 
motor burnout. 

1. Running overload with or without high ambient 
or ventilation blocked. 

2. Locked rotor normal voltage such as caused by 
mechanical failure or driven load. 


3. Locked rotor caused by low voltage where 
decreased torque is insufficient to start load. 


Over 150,000,000 motors 
are protected against 
overheating and burning out 
with KLIXON Protectors. 


4. Locked rotor with main winding only in circuit 
resulting from open circuit start switch or open 
circuit in reversing switch. 

5. Locked rotor with start winding only in circuit, 
such as that resulting from an open main wind- 
ing circuit or open circuit in reversing switch. 
Running with both start and main windings in 
the circuit resulting from start switch failure in 
closed position or low voltage which prevents 
reaching switchover speed. 

Protect your motor-driven equipment completely 
against motor burnouts... specify on your pur- 
chase orders — ‘‘These Motors to have KLIXON 
Type T Protectors.” 
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Ask your motor TAG AER ame LYON a 


METALS & CONTROLS 


3611 FOREST STREET, ATTLEBORO, MASS., U.S.A 
A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 


SPENCER PRODUCTS: Kiixon® Inherent Overheat Motor Protectors + Motor Starting Relays « Thermostats « Precision Switches «+ Circuit Breakers 
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Materials Research 
and Design Engineering 


A prastic but inevitable shift in Government- 
sponsored research is strongly indicated in 
current news from Washington. It has been 
finally realized at the highest Administration 
echelons that the critical and urgent need for 
materials to meet the exacting and often extra- 
ordinary performance and environmental re- 
quirements of to-day’s (and to-morrow’s) equip- 
ments and systems must be given a priority at 
least equal to that given to equipment design 
per se. As a result, an intensive offensive in 
materials research is being launched on several 
major fronts. No longer is equipment to be 
designed lacking suitable materials to imple- 
ment design parameters. A dependence on the 
best materials at hand will no longer be an 
acceptable compromise. Voltaire’s “the best of 
all possible worlds” will not do for the world 
of materials. 

The integrated materials research programs 
of the Administration implement a concept of 
the relationship of materials to design engineer- 
ing that is far from being new to the readers of 
this magazine. It was first postulated in these 
pages some 10 years ago. It has since been 
consistently explored in depth in article after 
article dealing critically and objectively with 
fundamental properties, applications and design 
functions. The hard core of this concept is this: 

a. the design use of materials is the articula- 

tion or engineering of materials into equip- 
ment or systems; 
in turn, the engineering of materials evolves 
from basic research; 
basic research is directed toward (1) the 
study of the fundamental nature of mate- 
rials, and (2) the synthesis of materials 
with prescribed characteristics for pre- 
scribed design purposes. 
In this concept the full nature of the relation- 
ship between materials and design engineering 
comes full circle. 

This concept obviously is the antithesis of the 
traditional approach to the use of materials. The 
traditional technique (as already noted) is to 
take materials as they are found available. True 
enough, the macroscopic properties found in 
handbooks are duly evaluated and applications 
are made after suitable tests based on 
practical experience. At best, the results ob- 


tained with this approach are adequate; at worst, 
uncomfortable compromises are imposed on the 
design. In effect, this means that the designer 
must now, more than ever, approach the prob- 
lem of materials evaluation and application not 
only with a specialist’s knowledge of his own 
work, but also with the knowledge and ability 
to understand the literature of materials and 
associated devices. He must be able also to 
communicate with men responsible for research 
in these areas. 

Four primary steps are indicated in the 
(Administration plans for intensified and ex- 
panded materials research: 

1. A major task force on materials has been 
created within the recently formed Federal 
Council for Science and Research. 

2. The National Bureau of Standards has 

substantially expanded its program on 
ultra-pure materials (the starting point for 
the synthesis of new materials). 
The National Academy of Sciences, which 
has been active in this field through its 
Materials Advisory Board and other activi- 
ties, has appointed a special 14-man com- 
mittee to study means and methods for 
accelerating materials research and de- 
velopment. 

. The Department of Defense is expanding 
its support of fundamental materials re- 
search in university laboratories, some $15 
million having been allocated last June. 

* & & 

Equipment design has been described as in- 
finite in scope and ingenuity; materials develop- 
ment, of necessity, as finite in its nature. In this 
complex cycle, the design engineer finds him- 
self increasingly at a point of frustration. His 
understanding of the true nature of materials 
and their relation to his own work will help 
him to resolve his problems and utilize to a 
maximum degree the results of current and 
future materials research and development. 


be Efe 


Special Features Editor 
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This self-programming automatic circuit evaluator (called 
Space Mark 1) analyzes the terminal-to-terminal continuity of 
prototype wiring harnesses and electronic equipments, and 
prepares both a printed tape for comparison with design speci- 
fications and a punched tape for programming its own leakage 
and continuity tests on subsequent production models. 


Fig. 1—System diagram of Srace Mark I. 


Automatic Circuit Analyzer 
Programs Its Own Tests 


Heretofore the cost of programming so- 
called “universal” testers has made auto- 
matic testing economically infeasible for 
electronic equipments manufactured in 
quantities of 1 to 50 units. (Many of to- 
day’s more complex systems are produced 
in these numbers.) Through the use of 
logic design and digital methods, how- 
ever, self-programming functions can be 
built right into the tester. Here is how it 
was done for leakage and continuity test- 
ing of small-lot runs of wiring harnesses 
and electronic chassis with up to 420 


terminations. 
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KURT ENSLEIN 
Director of Research 
Brooks Researcn, Inc. 
Rochester 10, New York 


Space Mark I (Self-Programming Automatic Circuit 
Evaluator) is the first of a series of self-programming 
automatic testing equipments designed to apply modern 
computer techniques to production-line testing of wiring 
harnesses and electrical /electronic equipment. In particu- 
lar, its function is to check all combinations of 420 wire 
terminations (two at a time) for leakage resistance and 
continuity. Programming for these tests is provided by 
the machine itself and is stored in part on punched paper 
tape. Manual programming, patch-board setup, connec- 
tor trays, etc., are not required. 

Indications of test failures are provided on a Clary 
printer and a digital display device. Extensive self-check- 
ing facilities are included in order to assure test validity. 
Space Mark I operates at a speed of approximately 7 
tests per sec and is completely self-contained. 

General System Operation: Analysis Mode. The 
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The Significance of the Self-Programming Concept 


H. J. KIRSCHNICK 

Electronics Division 

WESTINGHOUSE ELECTRIC CORPORATION 
Baltimore 3, Maryland 


UNTIL THE ADVENT of Space Mark 1, it 
had been uneconomical to apply automatic 
circuit checking to diversified, small-run 
production of electronic equipment. Not 
only is a large initial investment required 
to build or purchase automatic test equip- 
ment, but there are usually considerable 
costs involved in changeover to different 
production units. 

This is especially true of so-called “spe- 
cialized” automatic equipment, wherein 
the total design and performance of the 
test station is directed toward detailed 
characteristics of one particular production 
chassis. Here, slight changes in the wiring 
of the chassis may require extensive 
changes in the test equipment—if not com- 
plete rebuilding. While such test equip- 
ment can be optimized for a particular 
series of tests, it is economically feasible 
only for very large runs (thousands) or 
production units of stable design. 

A second approach has been modular 
test equipment. Here the universal features 
of the tester—those required regardless 
of the circuit characteristics of the unit to 
be tested, such as input and output switch- 
ing circuits, error sensing, status display, 
error recording, etc. — are fixed. The vari- 
able characteristics (amplitude levels, tol- 
erance levels, comparison circuits, etc.) are 
determined by plug-in modules. Facility to 
check a variety of production units requires 
only replacement of modules. But here too, 
fairly large production runs (hundreds) 
and reasonably similar product lines are 
necessary for this system to be economical. 

A third approach to automatic testing 
is the “universal” concept where a test 


station has facilities for performing a wide 
variety of tests in any order and with 
complete freedom of selection (switching) 
of inputs, outputs, limits, etc. Then, for a 
specific chassis, appropriate selections are 
made by programming. Although the initial 
cost of a “universal” type of tester is rela- 
tively high, its versatility allows the initial 
cost to be spread over a great number of 
production runs. Because of the relatively 
low cost of programming (compared to, 
say, module design), the universal ap- 
proach can prove economical for produc- 
tion runs of 50 to 100 units. 

On production runs fewer than 50 units, 
however, programming costs are still too 
high. A given unit may require an hour 
to circuit check by a manual point-to-point 
method while the same or more thorough 
tests may be performed automatically in 
Yo the time. But generally the time 
required to prepare programs would 
eradicate this saving in running time. It 
was this situation that led Westinghouse 


engineers to the concept of automatic pro- 


gramming. Through the research and de- 
velopment efforts of Brooks Research in 
applying computer techniques to auto- 
matic testing, this concept materialized 
in the construction of the first completely 
self-programming automatic circuit evalu- 
ator, SPACE Mark I. 

With this device, it now becomes prac- 
tical to circuit check automatically as few 
as 20, 10 or even a single unit, as follows: 
various “universal” test cables are con- 
structed in advance, allowing connection 
to any type of terminal board, tube socket, 
standard connector and test jack. These 
cables may be used over and over again 
on any equipment with similar connectors, 
thus making the initial cable costs negligi- 
ble. If there then exists a unit of a pro- 
duction run whose wiring has already 
been verified (such as is sometimes the 


case with an engineering or pre-production 
model) the unit is connected to SpAcE in 
any suitable fashion using the standard 
cables, The tester is then switched to the 
“analysis” mode. It automatically scans 
each connection to the unit under test 
and produces a punched tape and print- 
out that completely describe the wiring 
configuration of the unit. This entire opera- 
tion may be unattended so that program 
ming man-hours are reduced from days 
to minutes. The only time required of 
personnel is for connection and disconnec- 
tion of the standard cables. 

The punched tape thus produced may 
then be used as a standard and the printed 
information as a reference in checking 
other supposedly identical equipment. This 
is accomplished by connecting the cables 
to subsequent equipments in the same 
fashion as originally done, and placing 
Space in “verification” mode. In this mode, 
only wiring errors are printed out. 

Automatic test of a single unit, whose 
wiring has never been verified previously. 
can also be easily and economically ac- 
complished. Since the printout obtained 
in the analysis operation completely de- 
scribes the wiring of the unit under test, 
an operator can compare the printout in- 
formation with a wiring diagram or cable 
instructions for the unit and note any 
discrepancies. This operation is faster and 
far more efficient than manual _point-to- 
point check with an ohmmeter or continu- 
ity checker, and the results are invariably 
more conclusive since each wire has also 
been hi-potted to all others. 

While the functions performed by Space 
Mark I (namely point-to-point continuity 
and leakage tests) are very basic, this 
concept of self-programming can now be 
applied to many tests and processes where 
programming costs were hitherto pro- 
hibitive. O00 


function of this mode is to generate a tape program for 
subsequent verification of unknown harnesses and equip- 
ments. In order to accomplish this, a harness (or chassis ) 
which is known to be accurate is connected to the system 
as shown in Fig. 1. The scanner then picks the first pair of 
points to be tested, and proceeds according to the se- 
quence and program shown in Table I and Fig. 2. Figure 
2 is a simplified analysis-mode flow chart which details 
the tests performed and the action taken as a result of 
these tests. 

For example, if a particular pair has a resistance less 
than the continuity limit, the coordinates then being 
tested are printed and punched into paper tape. After 
the entire sequence detailed in Table | is subjected to 
the tests of Fig. 2, all possible two-at-a-time combinations 
of the 420 input terminations will have been tested and 
the resulting punched tape will contain the coordinate 
pairs between which continuity was found. The printed 
paper tape will have on it the coordinates between which 
leakage as well as continuity was found, properly identi- 
fied as to whether it was leakage or continuity. The 
printed tape can then be used to verify whether the 
analyzed harness actually meets the design specifications 
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as to continuity by comparing the tape record with a 
wiring list. Leakage indications on the printed record, of 
course, reflect imperfections in the original harness. 

The punched tape will now be used as input informa- 
tion for the verification of subsequent harnesses (or 
chassis) which are supposed to be identical with the one 
just analyzed. 

Verification Mode. During this mode we present 
to the analyzer a harness which is supposed to be identi- 
cal with that utilized during the analysis mode. Figure 
3 shows a simplified flow chart of the verification proc- 
ess. The results of the leakage and continuity tests are 
interpreted in terms of the question: “Should continuity 
exist at this particular set of coordinates?” This set of 
coordinates is defined by entering information from the 
previously punched tape into a storage unit (see Fig. 1) 
which continuously compares the coordinates then being 
tested with the coordinates last previously read from the 
input tape (which are the next set of coordinates where 
continuity is supposed to exist). 

Since continuity is supposed to be found only for 
those coordinates present on the input tape, the ques- 
tion, “Should continuity exist at these coordinates?” can 


107 





Test 
Peet 
| \ 

L 


S resistance j 
2 leakage Yes 
limit? 
: No 


= 


is res stonce 
continuity Yes 


Advance 
scanner 


Punch 
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Fig. 2--Analysis mode for preparing pro- 
gram tape from initial harness. Punched 
tape contains termination coordinates 
between which continuity is found. 


Printed tape contains these points and 
those where leakage exists. 


be used to differentiate between various leakage and con- 
linuity limit test results. Three types of action result: 

e If continuity should not exist (coordinates being 
tested are different from those in the storage unit) and 
no leakage is found (R,>R,), the scanner is advanced 
to test the next set of coordinates. 

e If continuity should exist (coordinates being tested 
are the same as those in the storage unit) and does exist 
(R.=R.), the scanner is advanced to test the next set 
of coordinates and the tape reader is advanced to enter 
into storage the next set of coordinates at which con- 
tinuity is to be found. 

@ Otherwise the appropriate error 
short (S), open (QO) or leakage (L)—and the co- 
ordinates under test are printed out before the scannet 


resistance (R), 


is advanced to the next set of coordinates. 

The printed record produced will display only those 
coordinates (together with the error identification) for 
which errors did occur. In other words, when no errors 
are found in a verification cycle, there will be no print- 
out. 

Scanner. Two Cunningham Type F crossbar switches 
make up the scanner. These switches serve as selection 
devices for the 420 terminations so that any two can be 
selected and presented to the testing circuitry. 
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Verification mode for testing subsequent harnesses. Punched tape 
from analysis mode controls “Should Continuity Exist?” blocks. Output- 
tape contains coordinates at which errors were found and type of error: 
leakage, resistance, open or short. Errors are also visually displayed 


Three-coordinate selection of points within the cross- 
bar is used in this case. The principles of the three-co- 
ordinate selection as well as the required control for the 
crossbar have been fully explained* (in particular, Figs. 


*“Crossbar Switch Applications,’ Kurt Enslein, Exvectrica, MANuractruRine 
April 1958, p 86. 


Table | — Test Sequence for Analysis and 
Verification Modes 


First termination M Last termination = N 


Test number Coordinate A Coordinate B 
M +1 
M 2 
M +3 
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Start or home 


Home master to 
M 


Home slave to 
master 


Slave advanced Advance 
by | moster by | 


Advance 
scanner 


Advance 
slave by | 


Test & end 
of test 


Fig. 4—Simplified scanner flow chart for indexing Fig. 


coordinates in sequence detailed in Table I. Master 
stays at point M, slave steps through points (M +- 1) 
to N. Then master steps to (M + 1) and slave steps 
through (M + 2) to N, ete. 


3 and 4 of that article). While the aforementioned ar- 
ticle describes a 300-point scanning system, the 420- 
point system under consideration here uses the same gen- 
eral principles. The crossbars used consist of 8xl0x6 
units. One of the line plates is used for the vertical (Z) 
selection. The other seven line plates form the 7x 10x 6 

120 termination selection. The input wires are brought 
through Amphenol Blue-Ribbon connectors to both cross- 
bar switches. Thus the input terminations of the two 
cross-bar switches are wired in parallel, and this is what 
permits access to any pair of the 420 inputs by the 
testing circuitry. 

The logic used in the scanning system is outlined in 
Fig. 4. To begin, a START or HOME pushbutton is de- 
pressed, causing the master scanner (which controls co- 
ordinate A, Table I) to home to the first termination 
(M) as determined by a set of three switches on the front 
panel of the scanner. These switches control the homing 
positions of a set of stepping switches (see Fig. 5). After 
the master scanner has homed to M, it starts the homing 
of the slave scanner (which controls coordinate B, Table 
I) to the master-scanner position. This is accomplished 
by homing the slave-scanner stepping switches to the po- 
sitions of the master-scanner stepping switches. Then the 
proper contacts will have closed to advance the slave 
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To terminations 


Master scanner 
crossbar 


(Coordinate A,Table I) 


x 4 Y S 2 First 
Stepper Stepper Stepper termination 
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5—Block diagram of scanner. First and LAst termination 
switches are set by operator. Scanner steps automatically to next 
set of coordinates each time ADVANCE SCANNER signal is received 
from test and decision unit (Fig. 6) until all combinations from 
M. (M + 1) through (N 


1), N have been tested. 


scanner by one position. Thus M and (M-+-1) have been 
indexed in accordance with Table I. 

At this time a test is made to determine whether this 
should be the last coordinate to be tested by comparing 
the present master position to N, the last termination. 
The last termination position is set up by another set of 
selector switches on the panel. (By the combination of 
the first and last termination switches, it is thus possible 
to allow the system to operate between any of the 420 
terminations. This means that harnesses of less than 420 
terminations can be tested just as readily as those hav- 
ing the full complement.) If the result of the last co- 
ordinate comparison is “yes’’, the next step is to perform 
the test operations which (as seen from Figs. 2 and 3) 
result eventually in an ADVANCE SCANNER order. 

After each test the scanner control determines whether 
the slave is at the last termination. If it is not, the slave 
is advanced one position and the next set of coordinates 
is tested. If the slave is at the last termination, the 
master is advanced one step and the control reenters the 
main HOMING cycle; i.e., the master advances by one, 
the slave homes to the master, the slave advances by one, 
and so on. The entire scanning cycle proceeds automatic- 
ally in this manner to completion. 

While not shown in Figs. 4 and 5. a great deal of 
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Fig. 6—Test and decision unit logic diagram. Results of leakage and continuity tests and state of relay K614 determine which of 
six conditions describe terminations under test. Errors, if any, and coordinates are visually displayed and printed out. Then scanner 


is advanced to next set of coordinates. 


interlocking between off-normal contacts of the stepping 
switches, relays, etc., is used to assure that every step 
of the sequence is properly carried out before the next 
step can occur. For one thing, this not only guarantees 
that only valid tests will be carried out, but it also means 
that complete synchronism of the system is assured and 
that the system cannot possibly get out of step without 
producing error indications. 

The off-normal contacts of the crossbar switches as 
well as a level of the Z stepper are used to feed infor- 
mation to the printer, reader and digital display. The 
details of this arrangement will not be explained here 
since it is not particularly novel. 

One of the major reasons for use of a crossbar was 
that we wished the insulation resistance at approximately 
50 cycles to be at least on the order of 1000 megohms. 
The same consideration dictated the choice of the Am- 
phenol Blue-Ribbon connectors. While it would have 
been possible to use relays in place of the crossbars, 
considerably more complicated logic would have been 
required to address a particular coordinate. In addition, 
vastly more wiring would have been necessary and this 
in turn would have raised the total cost of the equipment 
substantially above that required with crossbars. 

Test and Decision Unit. This unit performs the 
leakage and continuity tests and produces the outputs 
shown in Fig. 6. 

In the analysis mode, the test unit assumes that the 
coordinates are always different from those at which 
continuity is supposed to be found. 

During verification a relay (K614 of Fig. 6) senses 
the concordance or lack of concordance between the co- 
ordinates last read from the tape and coordinates now 
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being processed, to determine whether or not continuity 
should exist between the coordinates under test. 

The leakage test is performed by means of a Wheat- 
stone bridge, current-limited to approximately one mil- 
liampere. This bridge applies a potential selectable be- 
tween 200 and 1000 volts to the unknown. This d-c pulse 
lasts for approximately 50 millisec. 

The continuity test is performed by means of another 
Wheatstone bridge in which a constant current of 2 amp 
is switched on and off by a Bendix X-113 transistor con- 
trolled from a crossbar switch contact. The transistor is 
used to avoid making and breaking this large current with 
crossbar contacts. The crossbar thus supplies only the 
control current for the transistor. 

By referring to Fig. 6, let us examine the operation 
of the test and decision unit under four different con- 
ditions: 

@k.<R, continuity supposed to exist. The two 
selected terminations from the scanner are brought to 
a Type PT crossbar switch in this unit. The test com- 
mand from the scanner ionizes thyratron V601 which 
energizes relay K601 to connect the two selected termina- 
tions to the high-resistance Wheatstone bridge. The bridge 
output is connected to a detector comprised of a low- 
pass filter, a d-c differential amplifier, a Schmidt trigger 
circuit and a cathode follower in series. The output 
cathode follower supplies a signal to one input of coin- 
cidence (AND) circuit ] and to the inhibiting input of 
anti-coincidence (AND-NOT) circuit 2. Since R, < R., a 
level shift occurs at the output of the detector. 

At the same time the two selected terminations are 
connected to the bridge, the operation of contact K601B 
triggers a delay gate consisting of a monostable multivi- 
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Fig. 7—Reader and storage unit. Coordinates at which con- 
tinuity is to be found are transferred serially to crossbar stor- 
age by tape reader contacts. Six biquinary codes (Table II) 
define each pair of coordinates. New coordinates are read into 
storage each time an ADVANCE TAPE signal results in Fig. 6. 


Reader 
Soroban FR-3I0S 


Reader step 
circuits 


brator. This multivibrator produces a delayed interro- 
gating pulse which gates both circuits 7] and 2 so that 
the detector output is sampled after all transients have 
subsided. Because there has been a level shift at the de- 
tector output, a pulse then appears at the output of 
coincidence circuit ], passes through NC contact K602A 
and ionizes thyratron V616, which energizes relay K611. 
Contact K611A operates relay K602 which transfers the 
selected pair from the high-resistance bridge to the 
continuity bridge. At the same time NC contact K611A 
opens, releasing K601. 

The delay gate is now triggered once more, this time 
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by K602B. After the delay period, the output of the 
detector is sampled again. Since R, < R,, there will be 
no level shift from the detector and anti-coincidence 
circuit 2 will thus provide an output at the sampling time. 
This signal is applied to the four coincidence circuits 
3 to 6. Since we were supposed to find continuity 
(R, < R,) at this set of coordinates, K614 will not have 
been energized and the test should result in an ADVANCE 
TAPE order. This must be generated by coincidence cir- 
cuit 5 feeding V611 and K619. By tracing the input to 
coincidence 5, we find that the second input (+4 volts) 
is obtained through K613A/NC, K614A/NC, and 
K611B/NO. Thus the ADVANCE TAPE order is obtained. 
This order is the proper one under the conditions of 
SAME when R, is supposed to be less than R, at this 
set of coordinates. 

e R, < R.— continuity not supposed to exist. Opera- 
tion would be the same as above except that relay K614 
would have been energized. The signal would then pass 
through K611B/NO, K614A/NO, and K613B/NC to 
coincidence circuit 4 to produce a SHORT indication. 

e R, > R; — continuity not supposed to exist. This 
is the most frequent condition. After the selected pair 
is found, the test command operates V601 and K601 
which connects the unselected pair to the high resistance 
bridge. Contact K601B starts the delay gate and after 
the delay has been obtained, the detector output is 
sampled. Since R; < R,, no output occurs from the de- 
tector so anti-coincidence circuit 2 again produces an 
output pulse to coincidence circuits 3-6. Since coincidence 
circuit ] did not produce an output, K611 has not been 
energized. Therefore the second input is applied through 
K611B/NC and K614B/NO to coincidence circuit 6 and 
a STEP output occurs. 

e@ R. < R, < R; — continuity not supposed to exist. 
This high-resistance bridge test will produce a level shift 
from the detector; therefore coincidence circuit ] emits a 
pulse. This output is routed through K602A/NC to V616. 
This initiates the continuity bridge test described for the 
R, < R, condition, but this time the continuity bridge 
test does result in a level shift at the detector output 
which in turn produces an output from coincidence cir- 
cuit 1. This pulse passes through K602A/NO to V617 
which energizes K613 so K613B/NO closes. This com- 
pletes the path for the +-4-volt signal through K611B/NO 
and K614A/NO to ionize V615. Subsequent operation of 
K615 yields a LEAKAGE result. 

The remaining combinations can be traced in a simi- 
lar fashion and it can be seen that the six test results are 
generated by means of various combinations of coinci- 
dence and anti-coincidence outputs and operations of 
relays. 

It will be noted from Fig. 6 that we have used a com- 
bination of vacuum tube, transistor, thyratron and relay 
circuitry to provide the optimum combination for this 
particular requirement. Operation is completely sequen- 
tial and interlocked. Should any test not be properly 
carried out, none or more than one of the test relays 
will be operated and an error indication as well as 
stoppage of the analyzer will occur. 

Reader and Storage Unit. This unit accepts the 
coordinate codes from the punched paper tape, decodes 
them into crossbar language and stores the information 
and the coordinates being tested at any particular time. 
The code used in this system is the biquinary code of 
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Fig. 8—Coordinate coincidence detail for one of six digits in storage. Whenever all six digits coincide with coordinates of termina- 
tions under test (indicating that continuity is supposed to be found) the Nor circuit deenergizes relay K614 (Fig. 6). 


Table II. This table also lists the actual tape code 
equivalents. A CLEAR code which does not form part of 
the biquinary system is also used for purposes to be 
shown shortly. 

The biquinary code was chosen because it is easily 
decoded into decimal form. The biquinary code is quite 
wasteful of information, but since the number of dis- 
crete codes required in this system was rather low, we 
believe the biquinary code to be an optimum choice 
Two groups of three biquinary codes in series define the 
coordinates of each pair of terminations between which 
continuity is to be found. 

Figure 7 shows a simplified diagram of the reader 
and storage unit. This unit utilized a crossbar switch for 
storage, addressed by an Automatic Electric Type 44 
stepping switch acting as a distributor. The operation 
of the system is substantially as follows: 

If it is assumed at the beginning that the HOLD coils 
of the crossbar are pulled up, the chain of off-normal 
contacts H400-ON. through H405-ON, is open. The 
READ TAPE order now occurs as a result of a test. This 
causes the first tape code to be read; it is arranged so 
that this is always a CLEAR code, causing the CLEAR con- 
tact (CL) of the tape reader (actually the No. 1 contact, 
Table II) to open and to open the latching contacts of 
the HOLD coils. This in turn causes contacts H400-ON, 
through H405-ON, to close and the distributor is ad- 
vanced by one step. This in turn causes the tape reader 
to step by one position and the first numerical code is 
now read. By virtue of the wiring of the reader contacts, 
the biquinary code is translated to a straight decimal 
code and one of the $400 to S409 sELEcT coils operates. 
At the same time, the distributor has selected the H400 
coil and when one of the SELECT coils has operated, one 
of the contacts $400-ON to S409-ON closes (shown as 


a single contact in lower right corner of Fig. 7) so power 
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is applied to the HOLD coil bus. At this time H400 oper- 
ates, latches through the normally open H400-ON, and 
is disconnected from the distributor. After an interval 
determined by the time of operation of H400, the inter- 
section associated with H400 also operates and this fact 
is sensed by a contact labeled STEPPING LEVEL OF CROSS- 
BAR and sent to the distributor. The distributor is caused 
to step and the reader advances by one and the next 
code is read. 

In this manner we proceed through the six codes. Then 
the distributor is caused to home to the original posi- 
tion and a full frame of tape has been entered. The dis- 
tributor remains in this position until the next READ 
TAPE order occurs. 

The distributor cannot advance unless the codes have 
been registered properly in the crossbar switch. Thus, 
if improper codes have been entered on the crossbar, 
these will be detected by the error detection circuitry and 
will cause stoppage of the reader operation. Also, if a 
crossbar intersection does not operate when requested, 
the distributor cannot advance and the reader will stop. 
There are many other possibilities for stoppage, all asso- 
ciated with possible equipment failure. In particular, if 
for one reason or another an invalid code exists on the 
punched tape, this will be detected in the same manner. 

The other levels of the crossbar switch (those not 
used for the stepping operation) provide the useful in- 
formation to be used in the comparison between the tape 
coordinates and the coordinates then being tested. This 
is accomplished by a simple Nor circuit which produces 
an output that de-energizes K614 (Fig. 6) when the six 
digits stored in the storage system are identical to the 
six digits of the test being performed. The detail of this 
wiring is not shown here because of its complexity. 
However, a single such connection is shown in Fig. 8. 

Print-Punch System, This system collects the infor- 
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Fig. 9—Print-punch system block diagram. 
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Fig. 10—Layout of digital display. 


mation from the scanner, test and decision units and 
print-punches these data. During the verification mode, 
printing occurs but punching is not required; but both 
printing and punching occur in analysis. Both the punch 
and printer are serial devices and the information to be 
printed or punched must therefore be fed to them in 
fixed sequence. This function is performed by a collector 
consisting of an Automatic Electric Type 45 stepping 
switch. The collector picks up the data from the scanner 
and test decision chassis and feeds it in the proper 
sequence to the Clary printer as well as to a decimal-to- 
biquinary encoder which in turn feeds the Commercial 
Controls punch as shown in Fig. 9. In addition, error- 
detection relays are used at all times to insure that only 
valid codes and translations are transmitted. The encoder 
consists of a diode matrix actuating the punch coils di- 
rectly. 

Indicating System. The indicating system consists 
basically of two devices: 

e@ Digital display 

Inc. ) 
@ Clary printer 
The digital display, Fig. 


(Industrial Electronic Engineers. 


10, indicates the result of 
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the test just performed together with the coordinates 
of the crossbar switches for this test. The error indica- 
tions for test errors, print-punch errors, and reader and 
storage errors are provided on this unit. These error 
indications are implemented by illuminating the back- 
ground of the numbers and providing the coordinate 
and test readout. 

It should be noted that a translation is performed 
between the crossbar coordinate system and the true 
decimal system in view of the fact that the cross-bar con- 
sists of 10 SELECTS x 7 HOLDS x 6 LEVELS. The display 
is thus arranged in terms of these coordinates rather 
than in the decimal system. A simple equation exists 
for converting between this special coordinate system 
and decimal. 

The format of the digital display is also used for the 
printed tape. 

Accessory Equipment. A solid-state power supply 
is provided to energize the various solenoids of the 
system. Also, a continuous-tape cartridge (Fig. 11) can 
be used with the tape reader for program storage. It 
permits looping of up to 75 ft of tape so that rewinding 
is unnecessary. 

The entire unit (frontispiece) is contained in an Emcor 
cabinet approximately 52 in. high x 44 in. wide x 22 in. 
deep. Access to the input terminations is made from 
the rear so that only working controls are brought out 
the front. Miscellaneous testing facilities are provided, 
also available from the rear. Only those controls neces- 
sary for the test cycle have been brought out to mini- 
mize possible operator confusion. 

Modifications. The unit described is only one of the 
many possible devices of the same general type. Many 
modifications such as the digital measurement and pro- 
gramming of resistance and impedance can be pro- 
vided, together with modification of the number of points 
and higher speed. In particular it is possible to reduce 
the number of tests by a factor of two by an anti- 
redundancy technique which will be incorporated in a 


later version. O00 


Fig. 11—Continuous tape cartridge for program storage. 
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THE APPLICATION of epoxy resin-sealing techniques (en- 
capsulation) to motor design (Fig. 1) has made it pos- 
sible to evolve an open-enclosure type that: 


1. shows extremely high resistance to such environ- 
mental factors as chemical action, moisture, humid- 
ity, vibration, abrasion and mechanical stress; and 

2. retains the normal advantages of direct air cooling, 
light weight and lower cost inherent in the open- 
enclosure design. 


It has been possible, therefore, to use epoxy-sealed motors 
in many applications where, previously, enclosed weather- 
proof and spray-proof motors were necessary. 

The techniques for the application of epoxy resins to 
motor windings have been reported in detail in the litera- 
ture.* The present report will deal with the results ob- 
tained from a rigorous test program designed to deter- 
mine the field performance of the epoxy-sealed motors. 
Tests were conducted under the following environments: 


Ice High-impact shock 
Acids 


Abrasive atmosphere 


Salt-water immersion 
Humidity 


Thermal shock 


Ice. A two-part test was conducted: (1) an outdoor 
test during which a test motor was splashed or sprayed 
by water at freezing temperatures; and (2) an indoor 


*See “Open Encapsulated-Stator Motor Replaces Totally Enclosed Type.” 
Evecreicar, Manuractuntnc, September 1958, p 126. 
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test during which the test motor was placed in a freezer 
unit and the airgap between the rotor and stator was 
filled with water. 

The outdoor test was intended as a simulation of ship- 
board environments under arctic temperatures. Two pieces 
of sheet metal were arranged to simulate a deck and bulk- 
head configuration. The motor was placed on the “deck” 
part about 2 ft from the “bulkhead” so that the water 
would strike the motor directly or splash back from the 
bulkhead. After 15-min spray at a test temperature of 

5 to —10 F, a quantity of water at 32 F temperature 
was dumped on the motor, a test intended to simulate 
the effect of a wave. Finally, water was forced through all 
the openings into the interior of the motor. The entire 
test procedure was repeated 10 times. 

At the end of the 10 test cycles, the motor was com- 
pletely covered with ice, the water in the airgap was 
frozen solid, and the rotor was in a “locked” condition. 
A 5-sec application of current, however, was sufficient to 
melt the ice in the airgap and return the motor to an 
operable condition. Although the procedure imposes a 
severe thermal shock on the motor, a post-test examina- 
tion revealed no damage to the epoxy-sealed windings 
nor to the other parts of the motor. 
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Enoxy-Sealed Motors 


The indoor part of the “ice” test was even more severe. 
A slight modification was made in the test motor to ob- 
tain access to the airgap. One end of the airgap was 
sealed off. The motor was then placed vertically in a 
freezer unit, the airgap was filled with water, and the 
temperature was lowered from —20 to —65 C. After 
the water had frozen, the motor was removed from 
the freezer, the airgap seal removed, and rated voltage 
was applied. In 25 successive tests the motor returned 
to normal operating conditions in from 10 to 40 sec. 

Both the outdoor and indoor “ice” tests appear to 
demonstrate effectively that (1) heavy formations of ice 
in and around epoxy-sealed motors do not prevent re- 
starting, and (2) the epoxy sheath on the windings is 
not damaged by the thermal shock caused by internal 
heat losses at locked-rotor conditions. 


Salt-Water Immersion. Salt-water immersion was 
the most severe test in the entire program. It was neces- 
sary to develop 44 different motors before one was found 
capable of meeting test specifications: operation at 33 
per cent overload for 500 hr while being submerged in a 
4 per cent salt solution, to be followed by five periods of 
full-load operation in air. The conditions of the test were 
such that the slightest fissure or crack in the epoxy sheath 
would lead to infiltration of salt water and to ultimate 
motor failure. It was necessary for the coefficients of 
thermal expansion of the three major materials in the 
motor structure (steel, copper and the epoxy resins) to 
be adequately compatible to avoid dimensional distor- 
tions under the thermal gradients encountered during the 
test. 

The motor that successfully passed the test was a 3-hp. 
1745 rpm, 3-phase, 60-cycle, 220/440 volt unit in NEMA 
frame 184 built in accordance with MIL-M-17060 B Speci- 
fications. The first successful unit ran for 1200 hr sub- 
merged in the salt water before failure. The epoxy com- 
pound used was the same as that applied in production- 
line motors, but some special details were incorporated; 


Fig. 1—An epoxy-sealed stator, The epoxy has permeated 
the entire winding, filling all interstices between wires 
both ‘in the end winding and slot portion so as to effec- 
tively seal off the winding from its environment. 
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for example, the conduit box and the leads were also 
sealed. Prior to the test each stator was screened. Insula- 
tion resistance had to be maintained in excess of 20,000 
megohms after 8 hr immersion in the 4 per cent salt 
water. Each stator was subjected to 1880 volts a-c to 
ground during immersion. The epoxy sheath showed 
itself able to withstand the rigorous test conditions up 
to the point of failure after 1200 hr operation. The 
inherent durability of the epoxy resin was maintained 
despite some salt-water penetration to the steel-core/resin 
interface early in the test. 

A second unit ran 1100 hr prior to failure and a third 
and fourth unit are still running at the time of this writ- 
ing with 1500 and 1700 hr of successful operation sub- 
merged in salt water. 

The weakest elements in the motor construction proved 
to be the mechanical parts. The bearings showed limited 
life in salt water, and had to be changed every 100 hr 
of operation. Another weakness was exhibited by certain 
parts that were difficult to protect against corrosion, such 
as internal threads in the frame and the frame-to-bearing, 
bracket fits. They were found to be badly deteriorated 
even prior to final failure. With every test cycle it was 
apparent (particularly due to limited bearing life) that 
the probability of the rotor’s striking the stator was ever- 
increasing. On the eleventh 100-hr test cycle of the first 
unit, leakage current increased sharply to 300 microamp 
at 200 volts d-c, and at the end of this cycle the motor 
was smoking. Failure eventually occurred after 1200 hr 
of operation during the twelfth air cycle. Post-test inspec- 
tion confirmed that the rotor had locked. 


Humidity. A 114-hp, 1800 rpm, 400-volt induction 
motor was suitably epoxy-resin sealed and placed in a 
humidity chamber at 100 per cent RH and 100 F. Mea- 
surements of insulation resistance were made prior to the 
test, during the test period of 8 months, and finally at 
the conclusion of the test. Results were as follows: 


Insulation resistance 


Prior to After 8 months 


Insulation humidity test humidity test 


Phase-to-phase 1.5 megohm 


4.0 megohm 


infinity 
Phase-to-ground infinity 

Thermal Shock. After completion of the humidity test, 
the same epoxy-sealed stator assembly was placed in au 
oven at 250 F, baked for 24 hr and then submerged in 
tap water until it had cooled to water temperature. This 
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cycle was repeated daily for a period of 6 weeks. At the 
end of the test the epoxy resin showed no signs of dis- 
tortion or breakage. 

As with the salt-water test, the other components of the 
motor showed some evidence of deterioration: 


1. Lead insulation disintegrated after 6 days. 
2. The welds that secured the stator punchings broke 
after 8 days. 


3. Insulation resistance dropped to zero after 25 days. 


Thermal shock screening tests were also conducted on 
epoxy resin samples. Special steel washers were resin- 
encapsulated and subjected to 10 cycles of 30 min each 
at 130 C followed by 10 min at —55 C. Microscopic 
inspection at stressed points showed whether the epoxy 


resin passed the severe test. 


High-Impact Shock. A 3-hp, 1740 rpm motor was 
tested in accordance with the procedure established in 
MIL-S-901B. The motor was mounted on the “Light- 
weight Shock Test Machine” as instructed in the specifi- 
cation (Fig. 2). Eighteen hammer blows of 400 lb each 


were applied: two blows each of 1, 3 and 5 ft drop in the 
top, back, and edgewise positions of the anvil plate. The 
first blow of each amplitude in each position was applied 
with the motor running at no load and rated voltage. The 
remaining blows were applied with the motor still. In- 
spection was made during and after the shock test. The 
following results were obtained: 


1. There was no visible breakage or distortion of any 
of the external parts of the motor. Mounting bolts 
remained tight throughout the test. 


2. Motor operation was satisfactory throughout the 


Retr 


test with no apparent change in vibration. Vibration 
readings were well below 0.001-in. displacement at 
all times during the test. 
Post-test inspection did not reveal any internal dam- 
age to the motor or to the epoxy resin used to en- 
capsulate the windings. 


Acids. An epoxy-sealed stator was immersed in a 53.2 
per cent solution of nitric acid for 3 weeks, At the end 
of this period the steel portions of the stator had com- 
pletely disintegrated, but the epoxy sheaths surrounding 
the windings and the bulk resin around the end turns 
were, for the most part, still intact. 


Abrasive Atmosphere. An epoxy-sealed motor and 
a standard enclosed motor commonly used for service in 
abrasive atmospheres were mounted in a special dust 
chamber and operated first in an atmosphere containing 
carborundum dust (silicon carbide and aluminum oxide 
abrasive) and then in an atmosphere containing taconite 
(iron ore) dust. In each test, 25 lb of dust were circulated 
in the cabinet by means of compressed air. Both motors 
survived 4270. hr test without failure. Although a heavy 
deposit of dust was in evidence inside the epoxy-sealed 
motor, inspection of the bearings indicated that this type 
of motor was satisfactory for operation in certain abra- 
sive atmospheres. 


Other Tests. The test program on the epoxy-sealed 
motors also included simulated “mud” tests during which 
a 3-hp 1200 rpm motor was totally submerged in a mud 
bath for 12 hr. Eighteen “flood” cycles were successfully 
passed by the motor with no failures. This environment 
is an important factor wherever equipment may have to 


operate under emergency flood conditions. OO0OO 


Fig. 2—Epoxy-sealed 
motor mounted on 
“Light-weight High- 
Impact Shock Ma- 
chine” undergoing a 
MIL-S-901B test. 
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Accelerometers 
and their characteristics 


After long usage as a standard device for measuring force or acceleration, the 


accelerometer has taken on new and significant importance in aircraft and 


missile applications. As a consequence many new and sophisticated designs 


have been developed to improve its accuracy and ruggedness. One most im- 


portant use of the newer types of accelerometers is in inertial guidance sys- 


tems for missiles. 


EUGENE B. CANFIELD 

Missile and Ordnance Systems Dept. 
GENERAL Etectric COMPANY 
Pittsfield, Mass. 


FoR A GREAT MANY YEARS scientists and engineers have 
had a need for measuring force or acceleration to solve 
both the theoretical and practical aspects of physical 
problems. Yet accelerometers, as we know them today, 
have existed for only a relatively short time. Work in 
the fields of vibration and stress analysis has done much 
to improve the state of the art, but many of the devices 
developed for these fields are frail and intended only 
for use in the laboratory. The advent of the guided 
missile has spurred the development of rugged accelero- 
meters for instrumentation, and accelerometers which are 
both rugged and super-accurate for guidance of the mis- 
sile itself. Since this problem of super-accuracy for 
guidance of the missile is consuming so much scientific 
effort at the present time, a brief investigation of the 
need may be useful. (See panel “Accelerometers Applied 
in Inertial Guidance.” ) 

A great many types of accelerometers are available 
for use with missile systems and they vary widely in cost, 
size, sensing means, and accuracy. Figure 1 shows a 
schematic of a fundamental linear accelerometer in which 
a mass is suspended from the accelerometer case by 
means of a spring. Damping is accomplished by either 
mechanical or electrical means and the case is mounted 
rigidly to the device whose acceleration is desired. The 
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relationship between acceleration of the case and motion 
of the mass may now be developed. 

XY = displacement of accelerometer case in space, cm 

Y = displacement of accelerometer mass with respect to the 

case, cm 
a = acceleration of accelerometer case in space, cm/sec? 
VI = acceleration-sensitive mass (sometimes called seismic 
mass), gm 

B = damping, dynes/cem/sec 

A. = spring constant, dynes/cm 

Units given above are representative only, and in 
developing the equations the operator p will be used to 
denote the derivative of a quantity. The basic equation 
of motion of the accelerometer indicates that the force 
to accelerate the seismic mass comes from the damping 
and the spring. 

Mp? (X — Y) = BoY + KY 
Mp? X Mp? Y + BoY + kh) 
r V/K 
p’X We B 


4 p+ 


K? AK 


But p°X = a. Therefore, the transfer function* relating 
seismic mass displacement to case acceleration is: 


oe M/K 
a M. B 
"= 
This is the classic transfer-function equation for a spring- 
mass system. The ratio of mass to spring constant gives 


*See ‘“‘Automatic Control System Design—3, Frequency Response and Transfer 
Functions," Ira Ritow, Evecrricat Manuractuninc, June 1959, p 129 


(3) 
I 
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Accelerometers Applied in Inertial Guidance 


There are a great many methods used for 
missile guidance, each being peculiarly 
adaptable to a particular situation and 
having various advantages and disad- 
vantages. Perhaps the oldest method is 
pre-aiming, which reached an early and 
high state of development with the long- 
range German guns of World War I. The 
228-lb projectiles fired from these guns at 
a muzzle velocity of 5260 ft per sec at 50 
deg elevation may have been the first 
guided missiles. 

Next in complexity is the method called 
programming, where the missile rises 
nearly vertically through the earth’s atmos- 
phere and then tilts or pitches over onto 
a predetermined course. A simple program- 
mer for such a missile may consist of little 
more than relays and clockwork. 

Capable of quite high accuracy over long 
ranges are various methods of radio com- 
mand, radio navigation, celestial naviga- 
tion, terrestrial reference and passive hom- 
ing. Many of these methods are quite 
excellent but any one of them may develop 
inaccuracies from preset programs whose 
errors cannot be corrected in flight or 
depend on information obtained from out- 
side the missile while in flight. This latter 
type of missile guidance may be unduly 
subject to compromise from the effects of 
enemy action. Hence, the need for a sys- 
tem which does not depend on obtaining 
information from sources external to the 
missile while in flight. Such a system 
employs inertial guidance. It contains 
instruments or devices which make use 
of the principle of Newton’s second law 
of motion (F = Ma). 

The advantages of inertial 
systems are: 

1. Invulnerable to enemy jamming. 

2. Completely self contained, requiring 
no external inputs and no ground 
facilities after launching. 

No r-f radiation emitted, preventing 
enemy detection. 

. Not affected by atmospheric condi- 
tions such as weather, etc. 

Inertial guidance has two basic contro] 

problems: 

1. Relating the geographical locations of 
the missile launching point and desti- 
nation. 

2. Measuring the spatial motion of the 
missile. 

The need for extreme accuracy is easily 
revealed by the investigation of an over- 
simplified guidance equation. Figure | 
shows a missile trajectory above a flat 
earth where: 

B = initial elevation angle at firing 

V = initial velocity 

t = time 

& = acceleration of gravity 

A = altitude 

R = horizontal range 
The following equations can be written 

A=Vt sin B— % gt? (1) 
R=VtcosB (2) 
When the missile (projectile) returns to 


guidance 


the datum plane, altitude 4 = 0. Then: 
Vt sin B— % gt? —0 (3) 
V sin B= eo gt (4) 
The time of flight to return to the hori- 
zontal plane is: 
2V sinB 
g 
Substituting Eq (5) into Eq (2) and solv- 
ing for range: 


(5) 


2 J - sin B cos B 
£ 
But sin B cos B= % sin 2B. Therefore: 
72 sin 2B 
too (7) 
& 


R (6) 


Therefore, the range is a function of the 
angle of elevation and the square of ve- 
locity. Further investigation of this equa- 
tion indicates that a 1500-mile, intermedi- 
ate-range ballistic missile will miss its 
target by 3 miles if the velocity is not 
known to better than 0.1 per cent. Inter- 
continental ballistic missiles, because of 
their still longer range, suffer from inac- 
curacy to an even greater extent. 

Because nature has made it convenient 
to measure force and difficult to measure 
velocity or position directly, accelerometers 
of a variety of types are used to measure 
the missile movement through space during 
the guided portion of flight. The readings 
from the accelerometers can be integrated 
to give velocity or position through a guid- 
ance computer. The constants of integra- 
tion form a part of the information set 
into the missile before launching. There- 
fore, the accelerometer in a long-range 
missile must be very accurate in order to 
permit the missile to reach the target with 
no more than a reasonable error. 

The block diagram of a typical inertial- 
guidance system is shown in Fig. II. The 
inertial-reference gyro is mounted on the 
platform which is to be stabilized in flight. 
If the platform tries to move for any reason, 
an error signal from the reference gyro is 
sent to the platform servo and the position 
of the platform is maintained. The purpose 
in maintaining the inertial position of the 
platform is to preserve an accurate coor- 


Guidance 


Fig. I—Trajectory of a missile above a 
flat earth surface. 


dinate system for the platform-mounted 
accelerometers. The accelerometers meas- 
ure the vector motion of the missile as it 
proceeds on the guided portion of its flight 
and send their information to the guidance 
computer. The accelerometer signals are 
then integrated to give either missile ve- 
locity or position, depending on the type 
of guidance equations used. Constants of 
integration and other information are 
placed in the guidance computer before 
launching. The purpose of the missile auto- 
pilot is to preserve the aerodynamic sta- 
bility of the missile and accept signals 
from the guidance computer to control the 
direction of the missile. The autopilot’s 
output is sent to the control vane servo to 
give the proper direction to the engine 
thrust. In many of the guidance systems, 
the missile will just rise above the earth’s 
atmosphere and then achieve a proper com- 
bination of velocity and elevation angle. 
At this moment the guidance computer 
orders engine thrust termination and the 
missile then follows a ballistic trajectory. 
This form of control may be used in the 
supersonic high-altitude missiles of inter- 
continental or shorter range. Other sub- 
sonic or near-sonic, air-breathing missiles 
with longer times of flight may use guid- 
ance throughout the duration of the flight. 
Thus it is seen that the gyro maintains the 
spatial-coordinate reference axis of the 
system while the accelerometers sense the 
motion of the missile and provide outputs 
to correct errors of velocity or direction. 
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Block diagram of a typical inertial guidance system. 
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Accelerometer case 


Fundamental linear accelerometer. 
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Fig. 3—Accelerometer with mass floated in oil to minimize friction and prevent mass 


Fig. 2—Adaptation of basic unit shown in 


Fig. 1 for relatively low-accuracy use. sitive one. 


the steady-state displacement of the system to unit ac- 
celeration. In addition, the denominator of the expres- 
sion may be rewritten as follows: 


2 So 
(2) +2Z—p+l (4) 
On Wa 


w, = undamped natural or resonant frequency, rad per sec 
Z = damping constant 


where 


When Z is unity, the accelerometer is critically damped 
and the denominator is factorable into a pair of repeated 
roots. If Z is less than unity, the accelerometer is under- 
damped and the factors of the quadratic are complex. 
Damping of slightly less than unity is quite common. 
If Z is greater than unity, the quadratic is factorable 
into two real roots. 

Assuming that the accelerometer damping constant is 
close to unity, it may be shown that the accelerometer 
will reliably give an indication of acceleration if moved 
at frequencies from zero to approximately the resonant 
frequency. At excitation frequencies above resonance, the 
output no longer is proportional to acceleration. Un- 
fortunately, the steady-state deflection of the mass to 
an input of constant acceleration is determined by the 
same parameters that define the undamped natural fre- 
quency. The basic problem in many accelerometer de- 
signs is to choose the proper compromise between gain 
and resonant frequency. In doubling the resonant fre- 
quency, the gain or travel of the mass is reduced by a 
factor of four. Thus, problems of threshold acceleration 
level and resolution are immediately acquired if an 
instrument with high resonant frequency is required. 

The schematic in Fig. 2 shows an adaptation of the 
basic accelerometer of Fig. 1 to a problem requiring 
relatively low accuracy. The mass is supported on a rod 
and restrained at either end by slightly compressed 
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from being forced against guide rod by accelerations along axes other than the sen- 


springs. Damping may be accomplished pneumatically 
or by means of oil flowing through the small clearance 
between the mass and the case. Output is available from 
a potentiometer pickoff. The advantages of this class 
of instrument are: 

1) low cost 

2) simplicity and reliability 

3) freedom from crosstalk. 

The disadvantages are: 

1) poor threshold level due to friction 

2) poor resolution due to type of pickoff 

3) poor repeatability due to hysteresis in spring plus 

friction effects 

1) low resonant frequency (in order to provide maxi- 

mum travel of mass). 

A more sophisticated version of the same type of ac- 
celerometer is shown schematically in Fig. 3. Here the 
mass is floated in oil or some other fluid so that it has 
neutral buoyancy. This will keep friction to a minimum 
and will prevent the mass from being forced hard against 
the guide rod as the instrument is accelerated along axes 
other than its sensitive axis. The additional use of a 
magnetic suspension to prevent the mass from drifting 
against the guide rod will insure absolute minimum fric- 
tion. The flotation fluid also is used to provide damping. 
Instead of a mechanical spring, an electrical spring is 
used to restrain the mass. The electrical spring is made 
up of a pickoff such as the E-type shown, an electronic 
amplifier and a linear motor. Since the motor produces 
force on the mass as a function of its current, the current 
into the motor is directly proportional to acceleration. 
Accelerometer output is usually taken as a voltage across 
a resistor in series with the motor winding. 

The equations of motion of the device may now be 
wrilten: 


Mp? (X — Y) = Bo Y +4{KY 





Series 
resistor 


12 db/octave 





F/f, gain, db 
Oo 


cd] 


Frequency, rad/sec 
(log scale) 





Fig. 4—Block diagram of accelerometer shown in Fig. 3. 


which is the same as Eq (1). Additional parameters are: 
Kr = motor force constant, dynes per milliamp 
» = amplifier gain, milliamp per volt 
K, = pickoff gain, volts per cm 
R = resistance in series with motor, ohms 10 
i = current in force motor, milliamps 
e. = accelerometer output, volts 
Since the spring constant now is the product of the 
pickoff, amplifier and force motor gains: 


K = K,uK, (5) 
Also: 
._ € 
“ht 
j- ¥Keo 
Substituting Eq (6) into Eq (7) and solving for Y, 


! €o 
fea (8) 
If Eqs (5) and (8) are now substituted into Eq (1) and 
solved, the transfer function relating output voltage to 


acceleration is as follows: 


Co MR/Kr 


eee 
Kruk, ) ” Kruk, )° * 


The advantages of this type of instrument are: 

1) high resonant frequency possible 

2) hysteresis effects eliminated, excellent repeatability 

3) exceedingly low threshold level 

4) excellent resolution and sensitivity to small changes 

in acceleration 

5) freedom from crosstalk. 

The device, of course, is more complex and costly than 
the simple instrument of Fig. 2. A floated-mass instru- 
ment may also be quite rugged and not subject to dam- 
age but may require temperature control if exact flota- 
tion and damping is desired. The absolute accuracy of 
this accelerometer, as may be seen from Eq (9), is de- 
pendent upon the linearity of the force motor and the 
stability of the output resistor. 

It is often the case that an accelerometer of quality 
intermediate between that of Figs. 2 and 3 will be built. 
Prime difference is that the schematic will be like Fig. 3, 
but the mass will not be floated or damped. Cost is re- 
duced at a sacrifice of threshold level and resolution 


(9) 
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Fig. 5—Bode diagram of system in Fig. 4. 


and the lack of damping must be compensated for in the 
electronic amplifier. 

Again looking at Fig. 3 and assuming that no damping 
is present in the unit, the following equation may be 
written in regard to the mass: 

F = Mp*(X — Y) (10) 


where F force in dynes. Solving for Y, 


1 


Mp: (Met » F) 


Since p? X = input acceleration a, 


i di . 
= pa (Ma - F) (12) 


A block diagram may now be drawn of the accelerometer 
without internal damping as shown in Fig. 4 where 

G = complete amplifier transfer function 

f =the force error of the system (which exists only when 

acceleration is changing) 

Equation (12) is represented by the mass transfer 
function and its inputs (Ma—F). A study of the servo 
open-loop transfer function F/f indicates that if gain 
is used only in the amplifier, the system will have no 
damping and will be unsatisfactory. A Bode diagram 
plot of the open-loop transfer function, as in Fig. 5, in- 
dicates a 0 db axis crossover of 12 db per octave and 0 
deg phase margin. Practically, the system will oscillate 
due to other time constants in the system which normally 
can be ignored. However, the addition of a lead-lag net- 
work to the amplifier will provide a satisfactory system, 
as indicated in Fig. 6. It will be necessary to raise the 
gain of the amplifier to compensate for the loss of gain 
in the network. The closed-loop transfer function of this 
system relating output voltage as a function of accelera- 


tion is: 
ur ( 1+ p “/ 
fe . ri 


: ge l - 
ea De os 
K,[> K+? +? +1 


@) 


a 


where 


_ KyG, Ky 
M 
product of amplifier gain and gain loss in lead-lag net- 
work, milliamps per volt 


= frequency, rad/sec, at which lead time constant 1/c, 
occurs 


ELECTRICAL MANUFACTURING 





12 db/octave 


Frequency, rad/sec 
(log scale) 


w, = frequency, rad/sec, at which lag time constant 1/w2 
occurs 


The frequencies », and w, are chosen to be respectively 
above and below the 0 db axis and classical servo syn- 
thesizing methods may be used to give the required per- 
formance. 

Another class of instrument is represented by the 
pendulous type of accelerometer shown schematically in 
Fig. 7 where 

K = spring constant, dyne-cm/rad 

B = damping, dyne-cm/rad/sec 

length of simple pendulum, cm 

mass of pendulum, grams 

angle of pendulum with respect to case, rad 
linear displacement of case in space, cm 


= linear displacement of pendulum mass with respect to 
case, cm 


a = acceleration of accelerometer case in space, cm/sec? 
In this instrument a pendulum is suspended on an axis 
so that it is free to move through an angle with respect 
to the accelerometer case. Damping again is accomplished 
by either mechanical or electrical means and the pendu- 
lum is restrained by a torsion spring. In developing the 
equations of motion for the simple pendulum, it is as- 
sumed that the angle the pendulum makes with the case 
remains small. The basic equation of motion is very 


Direction of motion 


Direction of motion 


Fig. 8—Accelerometer 


Fig. 7—Pendulous accelerometer. pendulum. 
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with compound 


Fig. 6—Bode diagram of system in Fig. 4 with 
lead-lag network added to improve stability. 


similar to Eq (1): 
Mp? (X — Y)l = Boa + Ka (14) 

For small angles, Y = la. Substituting this into Eq (14) 
and solving: 

git MU/K_ 

7X Me... B 

Ket Ke eo 

Since p> X = a, the transfer function relating angular 
motion of the pendulum to case acceleration is: 


a MI/K 


= 6 
a ME B (16) 


Ker Re tl 


(15) 


The numerator of the expression gives the steady-state 


angular displacement of the system to unit acceleration. 
The denominator of the expression may also be replaced 
by Eq (4) where 

kK ) 

MP 


In actual practice, the pendulum is of the compound 
type shown in Fig. 8. An approximate method for writ- 
ing the equations of motion will be used. The compound 


Sensitive Axis 


Fig. 9—Two simple pendulums fastened 
together by a collar to reduce crosstalk 
and maintain low resonant frequencies. 
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Fig. 10—Cutaway view of a pendulous accelerometer. (Photo 
courtesy Minneapolis-Honeywell Regulator Co.) 


pendulum has been broken down into two components: 
a mass whose center of gravity is concentric with the axis 
of rotation, 0, and a small mass on the periphery of the 
pendulum. This small mass provides the unbalance of the 
compound pendulum and is assumed to be concentrated 
at a point. Thus, this unbalanced mass is assumed to 
act in exactly the same way as the mass of a simple 
pendulum. The force of linear acceleration of this mass, 
when multiplied by the radius arm, becomes a torque 
which attempts to accelerate the balanced mass about the 
point of suspension. The acceleration of the balanced 
mass is resisted by its own inertia, the damping and 
the spring constant. 
= length of unbalance mass from center of rotation, em 
Vf = the unbalance mass concentrated at its center of gravity, 
gm 
J, = inertia of the balanced mass about the center of rotation, 
gm-cm? 
Mp? (X Yl J .p*a 


Again, for small angles. Y la. 


Boa 4 Ka 


Also, acceleration a 


OxIS 


Fig. 11—Accelerometer with mass 
supported by two wires in tension. 


Sensitive 


p’ X. The transfer function relating angle of rotation 
of pendulum to linear acceleration becomes: 


heal MIU/K ‘i (17) 
eden ee 
—— p+ K et! 
Thus, the undamped natural frequency is determined by 
the square root of the ratio of spring constant to inertia 
of the compound pendulum about its axis of rotation. 
Angle of rotation for steady-state acceleration is de- 
termined by the total pendulum mass and the length of 
the center of gravity from center of rotation, the product 
of the two quantities being divided by the spring constant. 

Pendulous-type accelerometers are generally chosen 
because they transfer linear force into an angular rota- 
tion. A great many devices have been developed for 
sensing angular motions or producing torques about an 
axis of rotation. In its simplest form, where a spring 
or torsion wire is used for restraint and a potentiometer 
becomes the pickoff, the advantages and disadvantages 
are about the same as for the non-pendulous accelerometer 
of Fig. 4. However, there is one notable exception: pen- 
dulous accelerometers are subject to crosstalk. The 
slightest rotation of the pendulum due to acceleration in 
the sensitive direction permits the accelerometer to ac- 
quire sensitivity to acceleration in other directions of 
motion. Therefore, resonant frequencies of pendulous 
accelerometers must be kept high in order to reduce the 
crosstalk as much as possible. 

One design technique sometimes used to reduce cross- 
talk and still maintain low resonant frequencies is shown 
in Fig. 9. Two simple pendulums are mounted in a single 
case and are free to rotate in the ball bearings or other 
support. The stiff arm of each pendulum passes through 
a collar which is free to slide along each arm. Rotation 
of the arms is also permitted inside the collar so that 
the motion of the arms is not impeded. However, the 
forces acting between the pendulums prevent the motion 
of either pendulum except from acceleration along the 
sensitive axis. Pickoff may be a potentiometer or other 
transducer sensing the angular rotation of either pendu- 
lum, or the linear displacement of the collar which moves 
in the direction of the sensitive axis. 
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Fig. 12—Highly accurate pendulous gyro accelerometer including seryo, 
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Gyro gimbal 


Fig. 13—Block diagram of ac- 
celerometer in Fig. 12. 
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Manufacturers of high-quality, floated, single-axis 
gyros have one of the best reasons for developing a 
pendulous accelerometer. Inside the gyro case, ready for 
use, is a floated, damped gimbal with a torque motor 
on one end and a signal generator on the other end. 
The gimbal carries the gyro wheel. It is quite expedient 
to replace the gyro wheel with an unbalanced mass to 
produce one of the highest quality pendulous accelero- 
meters. An amplifier is connected between the signal 
generator and torque motor. The transfer function is 
the same as Eq (17) but the spring constant becomes 
the product of signal generator, amplifier and torque- 
motor gains. Crosstalk is minimized by high amplifier 
gain, causing high resonant frequency. Output voltage 
is usually obtained across a resistor in series with the 
torque motor much the same as shown in Fig. 3. A cut- 
away view of such a pendulous accelerometer is shown 
in Fig. 10. 

Considerable reference is made in the literature to 
piezoelectric accelerometers. In these devices, the piezo- 
electric crystal becomes the spring restraint and converts 
a portion of the mechanical energy into electric energy. 
While having excellent characteristics out to very high 
resonant frequencies, output under steady-state constant 
accelerations is unfortunately not available and the de- 
vices have little use in inertial guidance. However, they 
make vibration pickoffs of the highest quality with 
extremely small size and they are widely used in 
evaluation during missile-system development. 

Another accelerometer configuration is shown in Fig. 
11 where a mass is supported by two wires in tension. 
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Fig. 14—Accelerometer with 
motor built into pendulum. 


Fig. 15—-Block diagram of 
accelerometer in Fig. 14. 


NOVEMBER 1959 


Damping again is provided by electrical or mechanical 
means. As the case is accelerated along its sensitive axis 
in the direction of the arrow, the tension in the upper 
support wire is increased, while that in the lower wire 
is decreased. If a strain pickoff is associated with each 
wire, the sum of the output of the two pickoffs is pro- 
portional to acceleration. The device is insensitive to 
cross-axis acceleration because the tension of each wire 
is changed by an equal amount. 

In another type of accelerometer, the support wires are 
made to vibrate at their natural frequency. As the ten- 
sion of one wire increases, its natural frequency in- 
creases while the decreased tension in the other wire 
reduces the natural frequency. A comparison of the 
natural frequency of the two wires by a magnetic 
pickoff or other means leads to an output proportional 
to acceleration. 

The pendulous gyro accelerometer of Fig. 12 repre- 
sents one of the more complex (although highly accurate ) 
devices that may be used. It consists of the conventional 
single-axis, floated, damped HIG gyro modified so: that 
the gyro gimbal is unbalanced by a known amount. A 
servo amplifier accepts the error from the gyro signal 
generator and, by means of a servo motor, drives the 
gyro about its input axis to null the signal generator 
output. The following terminology will be used: 

SA = spin axis of gyro wheel 

OA = output axis of gyro 

1A = gyro input axis (perpendicular to plane containing S.1 

and OA) 

= angle of gimbal about OA, rad 

- angle of gyro input axis, rad 
pe? = angular velocity of servo motor, rad /see 
signal generator on output axis 

= unbalance mass on gimbal, gm 
moment arm to unbalance mass, cm 

= gyro wheel inertia about SA, gm-cm* 
gyro wheel velocity about spin axis, rad/sec 
gyro wheel momentum, gm-cm?/sec 
damping about OA, dyne-cm-sec 

= gyro gimbal inertia about OA, gm-cm? 


= inertia of complete accelerometer about motor axis 
rotation (same as 7A), gm-cm?* 


Sig gen Servo amp 


J, 
e+ 
K, 2 (Quadratic } 


Rotor inertia 





= signal generator gain, volt/rad 
= motor armature circuit resistance, olim 
motor torque constant, dyne-cm/amp 
= motor back-emf constant, volt /rad/sec 
motor armature inductance, henrys 
= servo amplifier transfer function 
torque, dyne-cm 
= torque about gimbal OA, dyne-cm 
= linear acceleration along sensitive axis, cm/sec? 

To find the transfer function of the gimbal within 
the gyro, the torque applied about the output axis may 
be equated to the sum of the torques to accelerate the 
gimbal inertia and overcome the damping: 


Te = Jp'a + Boa (18) 


Solving for the transfer function, 


ee ieee a 
T, a eB \(J/B)p , 1] 


(19) 


The ratio of gimbal inertia to damping is sometimes 
called the characteristic time constant. A high-quality 
gyro will have small inertia and heavy damping to give 
a characteristic time constant of 6 millisec or less. 
The torque applied to the gyro gimbal comes from 
the pendulous effects when the device is accelerated along 
its sensitive axis. Thus the gimbal transfers the torque 
from linear acceleration into a small angle about the 
output axis. The signal generator converts the angle into 
an electrical error signal which is operated upon in the 
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servo amplifier. The servo motor then rotates at the 
required angular velocity so that the torque developed 
through the action of the wheel momentum balances the 
torque caused by linear acceleration. A block diagram 
of this loop is shown in Fig. 13. 

Most textbooks on physics or mechanics derive the 
basic gyro equation that converts angular rate about 
the input axis to a torque about the output axis through 
the medium of gyro-wheel momentum. The block for the 
motor gives the transfer function of a d-c motor whose 
derivation also is available elsewhere. The servo may be 
stabilized by classical techniques. A further inspection 
of the system reveals that the angular velocity of the 
motor is directly proportional to linear acceleration of 
the device along the sensitive axis. A complete closed- 
loop analysis indicates that: 


N Ml [ 6 | (20) 
a (2) L D 
where 6/D = closed-loop transfer function of servo, re- 
garding it as a position servo controlling motor angle 6. 
Its steady state gain is unity. 
(Continued on page 202) 


In the accompanying article, the per- 
formance characteristics (particularly as 
they apply to automatic control systems 
such as those found in inertial guidance) 
of various types of accelerometers are dis- 
cussed in depth. In the interest of tying 
down for the reader the basic types and 
the sources from which they may be ob- 
tained, the appended list has been pre- 
pared. Because of the constant develop- 
ment of new designs and new developments 
in this field, the list is only as complete as 
currently available information can make it. 

Accelerometers are classified, in this 
instance, only with regard to the basic 
mechanism on which they operate. There 
are, of course, endless refinements with 
regard to type of output (potentiometer, 
variable reluctance, etc.), means of suspen- 
sion of the seismic mass, type of damping 
employed, and mechanical construction de- 
tails with which it is impossible to deal 
in detail. For missile and other defense 
applications, there are also many special 
designs which cannot be dealt with at all 
because of security regulations. 

In the list herewith, the accelerometer 
manufacturers have been alphabetized and 
numbered; these numbers are used to indi- 
cate which manufacturers make the par- 
ticular accelerometer types listed below. 


Manufacturers of 
General Accelerometer Types 

Spring-mass: 2, 5, 6, 7, 11, 12, 14, 15, 16, 

17, 18, 19, 20, 23, 24, 27, 29, 30, 31, 32, 

33, 34, 35 
Pendulous: 1, 4, 10, 14, 20, 23, 29, 31 
Contra-rotating-weights: 2, 22 
Piezoelectric: 8, 13, 18, 21, 28 
Vibrating-wire: 3, 21 
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l. 


AC Spark Plug Electronics Division, 


General Motors Corporation, 7929 5. 
Howell, Oak Creek, Wisconsin 


2. B & F Instruments, Inc., 3644 N. Law- 


rence Street, Philadelphia 40, Penn. 


3. BJ Electronics, Borg-Warner Corpora- 


. Bell Aircraft Corp., 


. Eastern Technical 


tion, 3300 Newport Boulevard, Santa 
Ana, California 


P. 0. Box 1, Buffalo, N. Y 


. Pioneer-Central, Division of Bendix 


Aviation Corp., Davenport, Iowa 


. Bourns, Inc., P. O. Box 2112, Riverside, 


Calif. 


. Cedar Engineering Division, Control 


Data Corp., 5806 W. 36 Street, Minne- 
apolis 16, Minn. 


. Columbia Research Laboratories, Inc., 


McDade Blvd. and 
Woodlyn, Penn. 


Bullens Lane, 


. Consolidated Electrodynamics Corp., 


360 Sierra Madre Villa, Pasadena, 
Calif. 


. Donner Scientific Co., 888 Galindo 


Street, Concord, Calif. 


Associates, Inc., 
Main St., North Acton, Mass. 


2. Edcliff Instruments, 1711 S. Mountain 


Avenue, Monrovia, Calif. 


. Endevco Corporation, 161 E. California 


Street, Pasadena, California 


. Fairchild Controls Corp., Components 


Div., 225 Park Avenue, Hicksville, 
Long Island, New York 


. AiResearch Manufacturing Div., The 


Garrett Corporation, 9851 Sepulveda 
Blvd., Los Angeles 45, Calif. 


. Genisco, Inc., 2233 Federal Avenue, 


Los Angeles 64, Calif. 


Avionics Div., 


. Lind Corporation, 


7. Giannini & Company, Inc., 918 E. Green 


Street, Pasadena 1, Calif. 


. Gulton Instrumentation Division, Gul- 


ton Industries, Inc., 212 Durham Ave- 
nue, Metuchen, N. J. 


. Gray Manufacturing Co., 16 Arbor 


Street, Hartford, Conn. 


. Greenleaf Manufacturing Div., Mandrel 


Industries, Inc., 7814 Maplewood In- 
dustrial Ct., St. Louis 17, Mo. 


21. Gyrex Corporation, 3003 Pennsylvania 


Street, Santa Monica, Calif. 


2. Humphrey, Inc., 2805 Canon Street, 


San Diego 6, Calif. 


. Kearfott Company, Inc., 1378 Main 


Avenue, Clifton, N. J. 


. Kistler Instrument Corp., 15 Webster 


Street, N. Tonawanda, N. Y. 


. Leach Corporation, Special Products 


Div., 18435 Susanna Road, Compton, 
Calif. 


. Lear, Inc., 110 Ionia Avenue, NW, 


Grand Rapids 2, Mich. 
Research Park, 
Princeton, N. Y. 


. Massa, Division of Cohu Electronics, 


Inc., 5 Fottler Road, Hingham, Mass. 


. Minneapolis-Honeywell Regulator Co., 


Boston Division, 40 Life St., Boston 35, 
Mass. 


. Northam Electronics, Inc., 2420 N. 


Lake Avenue, Altadena, Calif. 


. Sanders Associates, Inc., Nashua, N. H. 


2. Schaevitz Engineering, P. O. Box 505, 


Camden 1, N. J. 


3. Statham Instruments, Inc., 12401 W. 


Olympic Blvd., Los Angeles 64, Calif. 


. M. Ten Bosch, Inc., 80 Wheeler Ave- 


nue, Pleasantville, N. Y. 


35. Wiancko Engineering Co., 255 N. Hal- 


stead Avenue, Pasadena, Calif. 
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Inherent Motor Overheat Protection 
Moves inside the Field Coils 


Spurred by protection problems raised in polyphase hermetic motor applications where 


the ratio of full-load to locked-rotor current is low, two solutions to the problem of put- 


ting temperature sensors in the stator windings have been found. Both involve semi- 


conductor thermistors, but in opposite modes of operation—as non-linear positive and 


as negative-temperature-coefficient resistors. Applications to general-purpose squirrel- 


cage motors are in the offing. 


PROTECTION OF MOTORS against failure due to overheat- 
ing has been a perennial problem. The object is to keep 
the motor working but to remove it from the line when 
the internal temperatures of the winding exceed a safe 
value due to prolonged overload, a locked-rotor condi- 
tion, single-phase energization of a polyphase motor, 
phase unbalance, and others. Because of the limitations of 
remotely located devices that attempt to follow the motor 
heating curve by inference, there has been increased 
attention given to the development of protectors of the 
inherent type—that is, internally applied within the 
windings and sensing heat from any and all sources 
directly. The increase in number and horsepower of 
hermetic motor applications for air-conditioner drives 
has been a major factor in the present development 
activity because of the rising cost of motor failures in 
such applications. 

The usual combination motor starter with pushbutton 
control includes a fuse and disconnect switch or air 
circuit breaker, primarily for short-circuit and branch- 
circuit protection and a starter (usually magnetic) hav- 
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ing a thermal overload relay with a heater coil selected 
to approach the heating characteristic curve of the motor. 
All these devices function in response to motor current 
and do not sense insulation temperature directly. Selec- 
tion of the proper overload relay ratings is complicated 
by differences in the time-current heating characteristics 
of motors, variations in duty cycle, supply voltage, 
ambient temperature and ventilation. These variations 
must be matched against the tripping characteristic of 
the remote protective device. 

Specifications for motor protectors are covered by 
numerous codes and standards (NEC, NEMA, UL, 
AIEE, JIC and others). Present standards of the Under- 
writers Laboratories for three-phase motors require that 
the overload relays in the starters trip ultimately at 100 
per cent of their rating in a 40 C ambient temperature, 
within 8 min at 200 per cent of their rating, and within 
30 see at 600 per cent of their rating. UL standards for 
inherent motor protectors require that motor windings 
be prevented from exceeding 125 C under any condition 
of running and 150 C for a locked-rotor condition. The 
National Electric Code prescribes that an overload relay 
for 40 C rise motors should not be rated higher than 
125 per cent of the motor full-load current. The same 
rule applies to hermetic motors. 

The protection of hermetic motors used to drive com- 
pressor units in air-conditioning and refrigeration ap- 
plications requires consideration of factors peculiar to 





their application. As the motor is sealed into a common 
housing with the compressor, the windings are cooled 
by the refrigerant. Ambient temperature compensation 
of current-responsive devices in the controller is there- 
fore difficult, and results in a compromise at best. 

Moreover, since the temperature of the refrigerant is 
considerably less than the normal rating ambient of 
10 C, compressor motors are allowed to operate at run- 
ning currents which appreciably exceed those for an 
open motor of the same horsepower rating. Since the 
locked-rotor currents are the same, however. the differ- 
ence between locked-rotor and running currents is ap- 
preciably less than for an open motor. This imposes 
upon the protective device the requirements of greater 
accuracy and much faster response. 

The industrial-type thermal overload relay set to trip 
in 15 see at 600 per cent of full-load current will not 
protect a hermetic motor since the locked rotor of a 
hermetic motor is usually nearer 400 per cent of its full 
load current. At this lower locked-rotor current, the 
overload relay will take several times 15 sec to trip. 

One answer to this problem has been the thermal 
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Thermistors with 


quick-trip overload relay, designed with much faster 
action above 150 per cent of full-load current. Another 
answer is the use of a purely magnetic relay whose 
time-delay function is based on displacement of a liquid 
by a moving core. On locked-rotor conditions it can be 
selected to obtain the same results as the thermal quick 
trip overload relay. 

Still another solution to the indirect method of meas- 
uring or inferring motor-winding temperatures has been 
the inherent overheat protective device, mounted on the 
motor frame or inside the endbell. Since it is a self- 
housed thermostatic device. with moveable contacts, it 
can be mounted adjacent to the windings but cannot be 
buried within them. To compensate for the heat-transfer 
lag created by the air gap and/or metal frame, a cur- 
rent-sensing heating coil is included in the assembly. 
Millions of these devices have been incorporated in 
single-phase fractional-horsepower motors and_ have 
achieved a notable record in preventing motor burnouts. 
More recently, thermostatic inherent overheat protectors 
have developed for application to three-phase 
motors in ratings up to 25 hp. 


been 


Positive Temperature Coefficient of Resistance 


G. P. GIBSON, Manager, Material & Process Section 
J. J. COURTIN, Design Engineer 

Motor Engineering Department 

WestincHouse Exectric Corporation 

Buffalo, N. Y. 


To ELIMINATE THE DELAY FACTOR in transferring motor 
heat to the actual sensing devices and to overcome the 
shortcomings of remote current-sensitive devices for the 
protection of hermetic motors, work has been progress- 
ing for some time at Westinghouse to move the thermo- 
static control to the windings of the motor as near the 
“hottest spot” as can be obtained. Much recent investi- 
gation has dealt with thermistors, originally with nega- 
tive-temperature-coeflicient (NTC) thermistors which 
became available some 25 years ago. Such thermistors 
are semiconductor resistors, chemically similar to ce- 
ramic oxides, which normally have the characteristic of 
decreased resistance as the temperature is increased. 
Motor protective systems using them were devised but 
did not meet design requirements completely. 

Quite recently, efforts to develop a practical motor 
protective system that is directly responsive to motor 
temperature met with success when Westinghouse mate- 
rials engineers announced a new _ positive-temperature- 
coefficient (PTC) thermistor consistent with basic re- 
quirements for motor protection. At normal tempera- 
tures it has a low resistance which remains nearly con- 
stant up to a critical temperature, after which it has 
an extremely large positive temperature coefficient of 
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resistance over a narrow range of temperatures. In Fig. 
1 the resistance-temperature characteristics of a_ther- 
mistor of this new type are NTC 
thermistor characteristics. 

Since the resistivity of the PTC thermistor increases 


compared with 


sharply at some critical point, this suggests its use in a 
switching mode. By varying the composition or “dop- 
ing” of the ceramic disk, the critical range is con- 
trollable to permit selection of the temperature at which 
protection will be maintained. And since the tendency is 
for the device to increase its resistance as the tempera- 
ture goes up due to internal /?R losses, it is self-limiting 
in its power-carrying capacity. NTC thermistors are sub- 
ject to runaway under increasing load conditions unless 
provision is made to compensate for this inherent char- 
acteristic. 

In developing the PTC thermistors for use as the 
temperature-sensing elements in motor windings, it was 
considered desirable to make them small for good ther- 
mal response, large enough to carry the coil current of 
industrial-type control relays, and rugged enough so that 
special handling was not required in the installation 
procedure. Thus, in the Westinghouse Guardistor motor 
protective system, the thermistor element is a ceramic 
disk approximately the size of an aspirin tablet. The 
faces have a metallic coating to which leads are attached. 
The element is encapsulated in an epoxy resin having 
compatible thermal. electrical and mechanical charac- 
teristics. In practice. three PTC thermistors, one in each 
phase and connected in series, are used for a 3-phase 
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Because it is an electromechanical device operating on 
thermostatic principles and usually requires manual reset 
of its contacts, such an inherent protector cannot be ap- 
plied within the gaseous atmosphere of a hermetically 
sealed refrigerator compressor. Hermetic motors are spe- 
cial too in their cooling requirements in that they rely 
on the refrigerant gas for cooling. The temperature of 
the gas, its volume and its pressure vary widely with 
load. The poorest internal cooling effect is with the 
lightest load. And when these compressors function as 
heat pumps, the fluctuations in load are even greater 
than for conventional air conditioning. Added protec- 
tive devices have been high- and low-pressure switches 
used in conjunction with thermal overload relays. Dis- 
satisfaction with this setup has led to recent activity 
centered around the development of internal hermetic- 
motor protection, applied by the motor manufacturer 
when the motors are wound. Both types described below 
use thermistors as the heat sensors but in opposite modes 

one using the well-known negative-temperature-coeffi- 
cient of resistance, the other a newly discovered positive 
temperature characteristic. O00 


squirrel-cage induction motor (see Fig. 2 on next page). 

It appears that thermistor sensing elements can be the 
same size regardless of motor size or type of enclosure. 
Having no bimetallic element or contacts and being a 
semiconductor requiring little mass of electrical insula- 
tion, there is little lag between its temperature and the 
winding temperature. This attribute is important in pro- 
tecting against stalled-rotor conditions due to mechani- 
cal failure or loss of one phase when the rate of heating 
is rapid. 

To test the effectiveness of the new protective system 
in the laboratory, thermistors were applied to the wind- 
ings of a 714-hp, 220-volt, 3-phase, 60-cycle, 4-pole 
hermetic motor in a compressor using Freon 22. Thermo- 
couples were used to measure winding temperatures. 
One thermistor was embedded in each phase of the 
winding and connected with a fail-safe control circuit. 
The circuit was arranged to open the motor contactor 
when the thermistors exceeded the critical temperature, 
and to reclose the contactor when they fell a given tem- 
perature below it. Tests were conducted under all con- 
ditions known to create high motor temperatures, and in 
addition, abnormal conditions such as high compressor 
suction temperature and abnormally low or high volt- 
ages were imposed. The following tests were made: 

1. Light load (poor motor cooling) at 115 per cent 
rated voltage. 

2. Heavy load (good motor cooling) at 85 per cent 
rated voltage. 

3. Heavy load with 18 per cent voltage unbalance. 

4. Loss of refrigerant charge. 

5. Single-phase locked rotor. 

6. Three-phase locked rotor. 

Each test was conducted for approximately 8 hr except 
the three-phase locked-rotor test, which continued for 20 
days. On-off cycling occurred in response to the thermis- 
tors as they heated and cooled with the motor windings. 
The critical temperature for re-starting the motor aver- 
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aged 16 deg C below the critical temperature for stopping 
the motor. The thermistors cut the motor off at a tem- 
perature slightly higher than that considered safe for 

















—— Comparison of PTC and NTC ———— 
thermistor characteristics 




















Grade 2 


~ 


—— Grade | nd 








Temperature, deg C 
Fig. 1—Resistance-temperature characteristics of negative-tem- 


perature-coefficient (NTC) and positive-temperature-coefficient 
(PTC) thermistors compared. 
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The Westinghouse Solution 
(Continued) 


the insulation to withstand continuously. Motor tem- 
perature was held within safe values in every test with 
the cutout temperature (measured by thermocouple) 
practically the same regardless of the type of test. At 
locked-rotor condition the response was considered ade- 
quate since the winding temperature did not exceed 150 
C on the first cycle at cold start and the overshoot de- 
creased rapidly on succeeding cycles. 

Following these laboratory tests, field installations of 
many Guardistor hermetic compressor motors are prov- 
ing the reliability and effectiveness of the new system 
under actual operating conditions. Tripping occurs at 
any time the critical temperature (110 C in this case) 
of a PTC thermistor in the winding is reached. The 
“running overload” condition in the accompanying table 
illustrates the accuracy of control of temperature when 
the rate of rise is gradual, with thermistors and windings 
at almost the same temperature. Locked-rotor conditions 
produce a rapid rate of rise in the winding, and trip- 
ping times and temperature are given as a measure of 
the thermal response of the device. 

Under way in July 1959 were a number of field tests 
on the Guardistor oil-well pumping drives ranging from 
7% to 40 hp. Motor windings are equipped with three 
110-deg C rated PTC thermistors and also three 125-deg 
rated PTC thermistors. Again, thermocouples in the 
windings are being used to check actual temperatures. 
Overload relays of the thermal type are also in the 
motor starters. Panel instruments will show time be- 


tween overload relay operation and 110 C winding tem- 
perature, also time to relay dropout at 125 C. The data 
being obtained will be useful in determining proper 
temperature levels for oil pumping and similar out- 
door applications where high ambients are encountered. 

The next step will be to develop PTC thermistors for 


protecting general-purpose industrial motors. It has 
often been difficult to choose the optimum thermal over- 
load relay on applications where there are variations 
in duty cycle, in starting-load friction or inertia, in 
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Fig. 3—Basic circuit of Guardistor motor protection system 
using three PTC thermistors tied in with auxiliary d-c relay. 
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Fig. 2—Major components of Westinghouse Guardistor motor 
over-temperature protective system. Harness at bottom con- 
tains three PTC thermistors for embedment in windings of 
3-phase induction motor. Control components at left are con- 
trol relay and mid-tapped transformer. 


ambient temperature and unbalanced voltages. In many 
cases experience at the installation site is used to estab- 
lish protection at a level that will preclude nuisance trip- 
outs. Inherent protection in the windings will eliminate 
this guesswork. In the meantime, additional service ex- 
perience is being sought, such as applications with high- 
inertia loads. 

In extending PTC thermistor protection throughout the 
NEMA ratings up to 200 hp, consideration must be given 
as to whether or not the rotor is being sufficiently pro- 
tected. On a 20-hp motor this is no problem; on a 100- 
hp motor, rotor heating will probably be the limiting 
factor under locked-rotor conditions. When the system 
is fully developed, the motor manufacturer would fur- 
nish in the stator windings PTC thermistors of a rating 
which would provide the needed protection for the rotor 
as well as the stator. 

Simple, inexpensive control circuits are possible and 
several different ones are in use. Figure 3 illustrates a 
commonly used circuit in which an industrial (Type Z) 
relay is used in series with the PTC thermistors. Power 
is removed from the motor when any thermistor reaches 
its critical temperature and can be restored when the 
winding cools about 15 C. The circuit is operable over 
a range of 85 to 115 per cent of rated voltage and any 
opening or shorting of the thermistor circuit causes the 
relay to drop out, resulting in power interruption to the 
motor. In other words, it will fail safe. 

In operation the thermistors are connected in a d-c 
circuit containing an auxiliary relay CR, which controls 
the magnetic contactor M in the motor power circuit, 
Fig. 3. This auxiliary relay closes when the start but- 
ton is depressed—provided the thermistor temperature 
and resistance is low enough to permit adequate current 
to flow in the CR relay coil and consequently to close 
the CR contacts. Coil M is energized, and contacts M 
and electrical interlock hold-in contact Ma are closed. 
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They remain closed either until the stop button is pushed 
or until excessive motor temperature causes a large in- 
crease in thermistor resistance. If the latter occurs, con- 
tacts CR open as the result of reduced current in coil 
CR. Temperature and resistance of the thermistors are 
allowed to drop to a rather low value before the system 
can be re-energized and the motor restarted. This is 
done by making the relay pickup current more than 
twice the dropout current. 

A simple modification can adapt this circuit for auto- 
matic reset, as in Fig. 4. In this case, the “maintained 
contact” pushbutton permits the relay circuit (and hence 
the main contactor coil) to be re-energized as soon as 
thermistor resistance drops to a value low enough to 
permit current through the relay coil to reach the value 
at which the relay closes. 

Where interruptions of industrial operations may in- 
volve intolerable costs or delays, it is desirable to sound 
an alarm or flash a warning signal when motor over- 
heating occurs. This can be accomplished with the pro- 
tective circuit in the Guardistor motor shown in Fig. 5. 
An audible signal can be substituted for the signal lamp 
shown. 

The new PTC thermistors can be formulated to posi- 
tion their critical temperature over a range of tempera- 
ture values to suit many classes of insulation. For stand- 
ard Class A insulated motors, for example, a tempera- 
ture of 125 C has been selected. Although this value is 
somewhat above the nominal rating of the insulation, it 
is not so high that a motor would fail too quickly, and 
it will allow the motor to handle emergency overloads 
without nuisance tripouts. It should be understood that 
in selecting this temperature, Westinghouse does not ap- 
prove operation of a motor at 125 C. It should be 
emphasized that a motor should not be loaded to its 
nominal protection temperature. The margin of protec- 
tion is provided only for unusual or abnormal 
conditions. 

Basic tests which demonstrate the protection provided 
hy Guardistor motor-protective systems are: locked-rotor 
tests, three-phase and single-phase, and at normal voltage 
and overvoltage; running overload tests; running single- 
phase tests; rapid reversing tests; and loss of ventila- 
tion. The most difficult of these is the three-phase, locked- 
rotor test on overvoltage. 

Since there is a need for additional starting time in 
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Fig. 4—Modification of basic motor protection system for au- 
tomatic reset operation. 
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Test Measurements on a 10-hp, 3-Phase Hermetic 
Motor Protected by 110 deg C PTC Thermistors 


Winding | Time* |Winding 

temp at to 
trip, trip, 
deg C sec 


Time 

temp at to 
reclose, | reclose, 
deg C min 


Running overload 112 T 94 23a 
Locked-rotor 3-phase, mg: 
rated volts 135 35 95 4.43. 
Locked-rotor 3-phase, 
110% voltage 145 29 3:24 
Locked-rotor 1-phase, 
rated volts 133 50 1.66 


* From cold start. { Depends upon degree of overload. 


some industrial applications, the Underwriters Labora- 
tories and the NEC permit extra temperature rise on 
first start. This provision allows a temperature of 200 C 
for the first start but limits the maximum to 150 C after 
10 min or “automatic reset” with locked rotor. These 
conditions can be met with the system utilized in the 
Guardistor motor by virtue of the fact that thermistor 
temperature lags behind the winding temperature during 
periods of rapid temperature rise. 

It is also desirable to be able to restart a motor 
without too much delay after it has been running at a 
load causing full rated temperature rise, or: to restart 
the motor after it has been stopped because of overheat- 
ing. The temperature rise under locked-rotor or very 
slow starting conditions may be 5 to 10 deg C per sec. 
Hence a lag in thermistor temperature behind winding 
temperature rise may be necessary for motor starting 
if the starting time is several seconds. This lag will per- 
mit the motor temperature to exceed the usual protec- 
tion value, but the winding temperature cannot exceed 
the thermistor by more than about 50 C at most. It 
cannot exceed the thermistor temperature by more than 
a few degrees for more than a few minutes. Heat flow 
to the thermistors from the winding is rapid enough to 
bring about equilibrium quickly. 

On single-phase tests it was found that the change in 
resistance of a single thermistor is sufficiently great to 
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Fig. 5—This circuit gives a visual indication if preselected 
motor temperature is exceeded. 
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The Westinghouse Solution 
(Continued) 


take the motor off the line, even if the other two are 
cold. Actually, the total temperature reached during any 
single-phase operation was only a few degrees more or 
less than that reached in three-phase tests. 
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Guardistor motor-protective systems will not protect 
motors against failure of the motor insulation, but will 
protect motors against over-temperature from any other 
cause. Further, the system is fail-safe; that is, failure 
of any of its components opens the control relay, and 
hence the main contactor. Referring again to Fig. 3, it 
is evident that failure of the control transformer or 
relay coil will open the CR contacts. Similarly, an open 
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WM. H. ELLIOT 
Development Supervisor 
CurLer-HamMer, Inc. 
Milwaukee, Wis. 


As IN THE Westinghouse development previously de- 
scribed, Cutler-Hammer’s inherent overtemperature de- 
vice responds to the change in resistance of thermistors 
embedded in the stator windings of motors at the hottest 
spots. However, in this case advantage is taken of the 
well-known high negative coefficient of resistance vs tem- 
perature of thermistors to give a signal of substantial 
amount. As before, the small mass of the semiconductor 
devices is conducive to fast temperature response. 

The protective action is obtained through the associ- 
ated Direct Monitoring Overtemperature Relay, Fig. 1, 
which was designed to meet the previously stated overall 


Fig. 1—Cutler-Hammer Direct Monitoring Overtemperature 
Relay for use with embedded thermistors in motor windings. 
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requirements for a motor protective device (see panel 
“Performance Requirements for Overtemperature Pro- 
tectors”). It comprises a normally energized electromag- 
netic relay and transistor circuitry which responds to 
change in resistance of the thermistors. Semiconductor 
rectifiers are included to provide a d-c supply for the 
thermistors and transistors. The system has been made 
fail-safe against possible types of failure, such as loss of 
power, relay coil failure, opening or shorting of any one 
or more of the thermistor circuits, high transistor leak- 
age current, etc. 

The components of the device, with the exception of 
moving parts of the relay, are potted in epoxy resin 
within a sheet-metal enclosure, making a rugged, prac- 
tically tamper-proof construction. The terminal connec- 
tions include two for a-c power, two for the normally open 
contacts of the enclosed electromagnetic relay, four for 
thermistor connections, and a connection to the negative 
side of the internal power supply for test or calibration 
purposes. The a-c supply is normally 220 volts, 60 cycles, 
but relays designed fer other voltages can be provided. 
The contacts of the relay are rated for pilot duty, alter- 
nating current. 

Normally, and for best results, the thermistors are 
embedded in the stator windings at the time of motor 
manufacture. At least one thermistor should be associated 
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Fig. 2—Simplified circuit of Cutler-Hammer semiconductor 
motor protective device. 
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circuit in the transformer circuit, relay coil, or in the 
thermistors themselves would cause the relay to be de- 
energized. A short circuit in the wiring from the con- 
troller to the motor will also cause CR contacts to open. 
Since a short circuit between the outside transformer 
leads from the transformer reduces the voltage across 
the CR coil to zero, and a short circuit between the 
center transformer lead and one of the outside leads 


with each of the phase windings to insure protection 
under single-phase operation. The relay will respond to 
the hottest thermistor, dropping out at the predetermined 
temperature. 

The circuit employed is an elaboration of that shown 
in Fig. 2—a bridge circuit employing a thermistor in 
one leg. At all thermistor temperatures below that at 
which dropout is desired, the thermistor resistance is 
high, the transistor is biased off and the relay coil is 
energized. As the dropout temperature is reached, the 
thermistor resistance becomes sufficiently low to cause 
the transistor to conduct. The resulting reduction in relay- 
coil current due to shunting effects relay dropovt. 

Several deficiencies exist in this simple circuit: it is 
insufficiently sharp in dropout action, it is not fail- 
safe against opening of the thermistor circuit, and it is 
sensitive to ambient temperature. Correction of these 
deficiencies and inclusion of additional features are ac- 
complished by appropriate circuit modifications. Figure 
3 depicts the relationship between relay-coil current and 
thermistor temperature in the complete device. 

Under normal temperature and operating conditions, 
the relay coil is energized in series with two resistors 
across the rectified supply (Fig. 2). If any one of the 
three thermistors reaches a critical temperature, however, 
the coil current will be diverted through the transistor 
and the relay will drop out. The particular value of 
thermistor resistance, hence winding temperature, at 
which the relay will drop out is determined by the ad- 
justment of a potential divider. 

Use of three thermistors with practically independent 
response permits each phase winding of a three-phase 
motor to be monitored individually. Protection against 
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Vig. 3— Typical relay response for motor-winding temperatures. 
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reduces the voltage to less than half of normal value, 


the relay will open, and fail-safe requirements again 
are met. O0Oo 
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overheating due to single-phase operation, running over- 
load, or stalled rotor is thus afforded. 

One of the practical requirements of the overtempera- 
ture relay is that it be fail-safe should one, or all, of the 
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"Performance Requirements 
' For Overtemperature Protectors 


Overtemperature 
should: 


protectors for electric motors 


A. Take the motor off the line before winding 
or rotor temperatures reach an unsafe value* under 
any of the following conditions: 

1. stalled rotor 

2. single-phase energization (polyphase motors) 

3. running overload 

4. voltage unbalance, inadequate ventilation or 
cooling, compressor pulldown (hermetics). 


B. Permit the motor to operate to its full capabili- 
ties without unnecessary tripping. 


C. Be reasonably insensitive to line-voltage vari- 
ations of from 15 per cent undervoltage to 10 per 
cent overvoltage. 


D. Be reasonably insensitive to changes in the rela- 
tive ambient temperatures of the motor and con- 
troller. 


E. Fail safe upon failure of any of the tempera- 
ture-sensing elements or their connections, such as 
open-circuiting or short-circuiting. 

F. Fail safe upon loss of control voltage, relay- 
coil failure, or relay-component failure. 


For a particular class of insulation system. 
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Fig. 4—Effect of ambient temperature on response of protec- 
tive relay. 
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The Cutler-Hammer Solution 
(Continued ) 


thermistors open circuit. This protection is afforded by 
use of a second transistor and associated components, 
not shown in the diagram. The relay coil also is used in a 
fail-safe arrangement, since if it open-circuits or power 
is lost, the relay will drop out. Both transistors operate 
safely against loss of control as a result of becoming 
conductive from such conditions as excessive tempera- 
ture, barrier breakdown, or short-circuiting, since their 
conduction effects relay dropout. Shorting of a thermis- 
tor, as well as open circuiting, will cause the relay to 
drop out, since a shorted thermistor looks like excessive 
temperature to the relay. 

A wide choice of thermistor characteristics is avail- 
able. One with a tripping temperature of 100 C, for 
example, might have a resistance of 680 to 510 ohms at 
that temperature, depending upon composition, and a 
resistance of 10,000 ohms at room temperature (25 C) 
with a dissipation constant of 5 milliwatts/deg C. The 
resistance at 100 C may be held within a tolerance of 
+ 2 per cent on production thermistors. : 

With a relay designed to fail-safe against open thermis- 
tor circuits, at room temperature and lower the resistance 
of such a thermistor is too high to permit the relay to be 
energized. To limit the maximum resistance of the therm- 
istor, it may be shunted by a resistor. One thermistor 
manufacturer has made the shunting resistance an in- 
tegral part of the thermistor so that loss of a lead will 
open both the thermistor and shunting resistor circuit 
and allow the relay to fail safe. 

The tripping time of the relay under stalled-rotor 
conditions is a function of the rate of response of the 
thermistors embedded in the motor windings. Motor 
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Fig. 5—Effect of variations in supply voltage on protective 
relay response. 
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manufacturers have found this response to be adequate 
and the use of thermistors feasible and reliable. 


Performance Characteristics 


The tripping point of the relay corresponding to a 
winding temperature of a given value, such as 100 C, 
is normally a factory adjustment. In general-purpose 
applications (by choice of thermistors), a wide range 
of temperatures may be monitored, even several different 
temperatures with a single relay. Certain limitations on 
this range are imposed in retaining the feature of failing- 
safe upon open-circuiting of a thermistor circuit. 

Effect of Ambient Temperature: Since the relay 
comprises components whose response is affected by tem- 
perature, compensating elements are included to minimize 
the effect of ambient temperature. The tripping tempera- 
ture, as a result, remains reasonably constant for normal 
ambient temperatures of the controller ranging from 0 C 
to 60 C (see Fig. 4). The ambient of the motor windings 
is of no consequence as far as protection is concerned, 
since the controller will trip at a predetermined thermistor 
temperature regardless of what condition causes over- 
heating. 

Effect of Line-Voltage Variation: Variation of the 
a-c supply voltage has only a nominal effect on the trip- 
ping and pickup temperatures of the relay over a range 
of 85 to 110 per cent rated voltage, as will be seen in 
Fig. 5. 

Pickup (Reset) Temperature: Reenergization of the 
relay after tripping requires cooling of the windings 10 
to 15 deg below the tripping temperature. If quicker 
resetting is desired, the relay could be reenergized by 
momentarily inserting a step of resistance in series with 
the thermistors. 

The Cutler-Hammer overtemperature relay may be em- 
ployed in applications other than motor protection where 
temperature monitoring of one or several points of a 
system is required. Potential applications are the moni- 
toring of bearings, treating tanks, transformer windings, 


and the like. 


Conclusion 


Conventional motor overtemperature protective de- 
vices are generally a compromise for a given application 
involving the parameter monitored, response character- 
istics, degree of protection afforded, degree of motor 
utilization permitted, cost, etc. The Direct Monitoring 
Overtemperature Relay described combines the small size 
and fast response of thermistors with the compactness 
and reliability of semiconductor circuitry to offer superior 
protection. It holds particular promise for the protection 
of the larger hermetic motors as well as force-cooled and 
general-purpose motors. OOO 
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Standard Modular System 
For Transistorized Computers 


A detailed description of the requirements 
and design of component cards, recepta- 
cles, contacts and interconnections that 
form reliable and economical basic build- 
ing blocks used to construct computers 


differing widely in size and function. 


4. H. JOHNSON 

Project Engineer of Manufacturing Research 
INTERNATIONAL BUSINESS MACHINES CORPORATION 
Endicott, New York 


A STANDARDIZED ELECTRONIC PACKAGING SYSTEM for its 
transistorized computers has been developed by IBM to 
obtain maximum manufacturing economy and speed, and 
to provide for optimum operating and servicing charac- 
teristics. The system is based on the following require- 
ments: 

1. Use only solid-state components (diodes, transistors, 
magnetic amplifiers). 

2. Mount components on a _ standard-size pluggable 
board to facilitate installation and servicing. 

3. Use a flexible interconnection system to permit 
maximum standardization of board assemblies. 

4. Make the design adaptable to completely automated 
manufacturing processes. 

A description of the elements of this packaging system 
(identified as the Standard Modular System) follows. 
Significant points are illustrated. 

The Component Card. The basic component card 
has a conventional rectangular shape and can accommo- 
date up to 6 transistors plus the associated components. 
Single-sided cards are used in most of the applications. 
Sixteen contact tabs connect to the 16-position receptacle. 
Terminals for service testing may be located at the top 
of the card. Double-sided cards can be used, with staples 
forming cross-overs. Wire jumper staples in sizes of 
0.3 in. to 1.0 in. are used; insertion is done by automated 
means. 
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Both 0.7 in. and 1.0 in. lead spacings are used. Parallel 
mounting of all components permits a high packing 
density; it also simplifies the manufacturing process. 
Contact tabs are gold plated for low resistance. 

Eight-Position Receptacle. Assembled component 
cards fit into a standard 8-position receptacle which 
maintains the cards at a 14-in. spacing. Cards with com- 
ponents too large to be accommodated within this spacing 
can be used simply by leaving the adjacent position 
vacant. Each position of the receptacle is so designed 
that the individual spring contacts are separated. This 
design also serves to guard against possibility of damage 
caused by incorrect insertion of card or rough handling. 
A card separator and guide fastened to each 8-position 
receptacle also serves to guide the cards in the adjacent 
receptacle. 

Contacts are particularly critical elements in transistor 
circuits. Since relatively low voltages are used, contact 
resistance must be very low and stable. A feature of 
S.M.S. (Standard Modular System) contact is the loca- 
tion of all contact terminals on one side of the card. As a 
result, the terminals all press the card firmly against the 
flat area of the receptacle. It is believed that this device 
provides greater operating stability than is obtainable by 
placing the contact terminals on both sides of the card. 

The S.M.S. contact is not of the “free floating” type. Its 
function is to anchor the card firmly and accurately in 
the receptacle. As a result, relative motion between the 
contact area on the card and the contact spring is elimi- 
nated, and so is the electrical noise caused by this motion. 
The contact spring is force-fitted into a rectangular open- 
ing in the receptacle. 

The determination of the proper contact force, contact 
material and shape depends on several interrelated factors. 
To obtain the lowest possible contact resistance, a high 
contact pressure is desirable and the contact material 
should be of low electrical resistance. Any surface oxides 
or sulfides should be easily broken down. Unfortunately, 
materials that possess desirable electrical characteristics 
seldom have the necessary mechanical properties; more- 
over, they are usually high-priced. The obvious compro- 
mise is to use a suitable plating on a base material (such 
as phosphor bronze or beryllium copper) that has the 
proper mechanical properties. In the S.M.S. contact the 
choice fell on phosphor bronze since it requires no heat 
treatment and the costs are lower. 

Low contact force is desirable to facilitate movement 
of the card into or from the receptacle; also, since wear 
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is a function of contact force and frequency of insertion, 
low contact force makes it possible to use a relatively thin 
and economical plating. The desirability of having a low 
contact force is in conflict, however, with the need for a 
high contact force for optimum circuit operation. 

Still another factor is involved; for a given contact 
configuration, high contact force is obtained by sacrific- 
ing spring reserve; spring reserve is thus inversely pro- 
portional to contact force. This means a higher contact 
force is obtained with a lower contact deflection. 

On the basis of considerations discussed here and 
preliminary tests a moderate contact force of 350 to 500 
grams was selected as the optimum value to assure good 
electrical contact without imposing a severe wear problem. 

Back-Panel Interconnections. The terminal ends 
of the contact spring leave the molded receptacle on the 
l\4-in. grid in two directions, with a 14-in. offset in the 
vertical direction. This technique gives a uniform dis- 
tribution of contact-spring terminal ends at the back of 
the receptacle. A uniform grid pattern of terminal ends 
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Basic elements and design details in IBM Standard 
Modular System for transistorized computers: 


A. Front and back of component card, socket 
assembly and card guide. 

B. Multi-position receptacle block and card as- 
sembly. 

C. Gate circuit assembly. 

D. Tapered card entering cross-sectioned block. 


is desirable because it provides (1) a maximum amount 
of room for connections and (2) a maximum air gap 
for other terminal configurations. Many methods of 
interconnection may be used. Spacing between terminals 
is sufficient to allow either manual or automatic wire 
wrapping. Soldering of connections by conventional tech- 
niques is also possible. 

Several distinct interconnection methods are feasible 
by means of printed-circuitry techniques: 

1. Use a printed back panel (the same size as a 
single 8-position receptacle) with each line of service 
voltage “commoned”. The signal wires would then be 
wire wrapped to complete the circuitry. 

2. Interconnect three or more of the receptacles by 
means of a single printed back panel with all the service 
voltages on it. 

3. Use a single back panel with both service and signal 
voltages on it. (In this method, the back-panel wiring is 
complete. ) 


Connections from terminals to printed wiring are all 
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E. Sectioned view of terminal in molding. 

F. Printed wiring and wire wrap combination. 

G. Section, showing terminal projections which 
lock it into molding. 

H. All-printed-wiring back panel. 


made by rotating the terminals 90 deg and either dip- 
soldering or induction soldering the connections. Termin- 
als can either be cut off short or left at varying lengths 
to accommodate different numbers of wire-wrap con- 
nections. 

It would normally be expected that printed-circuit 
units with the 8 standard voltage lines would be used 
even in prototype design, except where it is definitely 
decided that connections would be wire wrapped in pro- 
duction models. As circuit design becomes stabilized, it is 
entirely possible that printed circuitry may be increasing- 
ly used in place of wire wrapping. 

Frame Assembly. A mounting frame assembly con- 
sists of three 8-position and four 1-position receptacles in 
width and nine §8-position receptacles in height. A 


T-bar arrangement serves both to locate and support 
the receptacles. Thus, one T-bar acts as partial support 
for two separate receptacle blocks. 

The individual receptacles may or may not have 
printed-wiring boards attached. If not, back-panel inter- 
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connections are made by wire-wrapping techniques. A 
complete frame assembly can be manufactured as a 
single unit or as a module. All input and output connec- 
tions to the frame assembly are made through intercon- 
necting wires. The gate can be completely factory wired; 
if necessary, a complete frame can be changed in the 
field. 

Intergate Connections. Intergate connections are 
made by special connectors. A conventional cable or 
strip cable is terminated on a special printed-circuit board 
which is similar to the tab portion of the S.M.S. card. 
The connectors simply plug into the receptacles. This 
arrangement makes it possible to install and remove the 
relatively large and complex panel assembly without 
unplugging individual wire connections. It is also 
feasible to test a panel assembly completely prior to 
final assembly. 

Gate Assembly. The pre-wired frame is loaded into 
a standard gate. The frames are then interconnected by 
the devices previously described. D | 





Introducing 
Sampled-Data Systems 


WILLIAM ARROTT 


Associate Editor 


THERE SEEMS TO BE almost no limit to the complexity 
of contro] systems that digital computers will even- 
tually be called on to direct—unless it be the limita- 
tions of man himself, since he must still design the 
system. 

Engineers were “bread-board” designing servos 
long before they (mathematically speaking) knew 
what they were doing. Later came the mathematical 
tools of analysis and synthesis — first for linear and 
then nonlinear systems — that have become the back- 
bone of today’s control-system design practice. With 
these tools engineers were able to turn existing prob- 
lems into procedures — and then create new problems. 
requiring new mathematical tools for analysis and 
synthesis, as they continued the ever-human pattern 
of doing just a little bit more than they knew. how to 
do. 

The theory of sampled-data systems presented in 
the accompanying article evolved from this perpetual 
game of theory-vs-practice “leap frog.” Sampled-data 
systems are not new. Any control system in which the 
input signal is sampled periodically, instead of being 
continuously connected, is a sampled-data system. In- 
strumentation to monitor several test points in se- 
quence falls into the sampled-data systems category. 
An analog-digital converter samples. And the inputs 
to a digital computer are discrete and finite. 

But the lack of accurate and easily applied analysis 
and synthesis techniques has made sampled-data sys- 


tems design a real challenge. Large-scale application 
of digital computers to real-time control problems has 
not yet been achieved because of this lack. Other de- 
velopments have similarly lagged for this reason. 

Within the last few years, however, several new 
mathematical tools have been developed to crack the 
design barrier by extending the techniques of con- 
tinuous systems to handle the sampled-data case. The 
accompanying article reviews these techniques — in- 
cluding several developed by the author to simplify 
the problem. His contributions include (1) “pseudo- 
sampling” to determine between-sample points as well 
as sample-time response, (2) use of the s7’ plane for 
analyzing the effects of inadequate sampling, and (3) 
the additional use of pseudo-sampling for table gen- 
erating functions. The latter is presented for the first 
time. 

Sampled-data theory is not an easy subject. The 
accompanying article was planned over two years 
ago. But before we could handle it, we first had to 
lay a foundation in our pages that included two Basic 
Science & Engineering features (“Using Fourier 
Analysis in Designing,” February 1959, and “Digital 
Methods in Measurement and Control,” September 
1959) as well as the recently completed series on 
“Automatic Control System Design” (April through 
September 1959). 

The reader is forewarned that familiarity with the 
subjects covered by these earlier articles is essential 
to his understanding of the techniques advanced here. 
But the engineer who masters sampled-data system 
design can pretty well write his own ticket. If it takes 
two, three, even four passes through this article to 
grasp the essentials, it’s worth it. And the reader will 
look far to find an easier-to-read introgaction to the 
subject. This article makes no attempt’ to cover all 
the ramifications of sampled-data theory but instead 
tries to give the reader an intuitive feel for sampled- 
data systems and aid his future studies in this new 
servo field. 

For further study, the author has appended six pri- 
mary references, among them two recent textbooks 
(References 2 and 4). Excellent bibliogtaphies are in- 
cluded in References J, 2 and 4. 
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Table |—Applications for 
Sampled-Data Analytical Techniques 


1. Pulsed systems—Pulsed radar, multiplexed systems, 
digital control systems, telemetering, etc. 


2. Sampled-error systems—Allow large power gains, 
light loading on the sensitive parts of the system, low 
drift, and automatic d-c to a-c conversion. 


3. Statistical quality control—A way of analyzing the 
transients introduced by step corrections in a sampled- 
output process. Also provides a means for determining 
an optimum sampling interval. Feedback can be manual 
or automatic. 


4. Digital data systems—High fidelity (e. g., PCM) in 
noise and noise-free storage and readout. Digital com- 
puter data processing. 


5. Digital-computer compensation—Types of correc 
tion limited only by the computing capabilities and speed 
of the computer. 


6. Digital sensing (e. g., binary code plates)—Rotary 
and linear position sensing to a very high accuracy. 


7. Table generating functions—Tables can be generated 
through use of the z transform and simple division. 


S ampcep-pata SYSTEMS contain points at which data 
are presented in a discontinuous manner. The data will 
ordinarily be in the form of a sequence of numbers or a 
sequence of pulses. In the most typical case, the sampling 
is periodic and the sampler simply acts as an elementary 
switch which alternately blocks and passes the data of in- 
terest. In general, the action of the sampler plus the load 
is assumed not to load the signal source to any appreciable 
extent. 

Why consider sampled-data systems at all? There are a 
number of reasons, the foremost being that certain systems 
are sampled (or digital) by their very nature. Another 
reason is that the addition of a digital computer to a con- 
tinuous system offers the designer a method of obtaining 
some very sophisticated transfer functions, some of which 
might be very difficult (or even impossible) to obtain 
through network synthesis. (It appears that this application 
will become even more prevalent as the problems associated 
with operating digital computers in real time are solved.) 
Finally, the more plentiful the analytical tools which the 
designer has at his command, the more likely it is that he 
will produce the optimum system which he is actively seek- 
ing. Table I gives a more complete rundown on the reasons 
sampled-data systems are worthy of consideration. 

Continuous control systems have been covered in some 
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detail in a preceding series of articles.* When one or more 
switches are introduced into one of these systems to peri- 
odically make and break any of the connections between 
blocks of the system, a sampled-data system results. Al- 
though such systems can be handled by the standard 
transform methods, the designer soon finds that this pro- 
cedure leads to such laborious and unwieldy expressions as 
to make this type of analysis impractical. It is the object 
of sampled-data theory to extend and modify the basic 
transform methods into a form more compatible to the 
analysis and synthesis of the sampled-data type of system. 

Most sampled systems include a physical sampler (relay, 
commutator, electronic switch, digitizer, etc.) having its 
own peculiarities and departures from the ideal. A com- 
pletely digital system may possibly be considered an excep- 
tion, depending more on one’s point of view than on funda- 
mental mathematical differences in the sampling operation. 
It is not the purpose of this paper to discuss samplers as 
such but, rather, to stress the end result required of the 
sampling operation. It is then for the designer to estimate 
whether or not a particular sampling device or scheme 
adequately meets the requirements. 

In typical introductory articles on sampled-data theory, 
the sampling operation is presented immediately as the 
modulation of an impulse train by the incoming signal. 
This leads directly tc the z transform, a modification of the 
standard Laplace transform.* A newer and more instructive 
procedure is through use of the p transform, which con- 
siders the more general case where the sampler is closed 
for a finite portion of the basic sampling period. The p 
transform goes to the s transform at one limit (switch 
closed for the complete period) and the z transform at the 
other limit (switch closed for an infinitesimal time). This 
.transform can be considered a more general approach to 
the sampled-data problem. We will deal here primarily 
with the z transform as it is derived from a limiting process 
on the p transform. However. the more conventional 
sampled-data techniques will be considered first. 

After the sampling operation a means of desampling, 
smoothing, or data reconstruction is often required. This 
is most often accomplished by a one-period hold (or “box- 
car”) circuit which retains the sampler output at an ampli- 
tude equal to that of the preceding sample. This forms a 
“staircase” signal. A low-pass filter can also serve to fill in 
the voids between sample points due to its inability to re- 


* “Automatic Control System Design’’—a series of six articles published in 
the April through September 1959 issues of ELECTRICAL MANUFACTURING, 
available in combined reprint form (see postcard order form facing back 
cover), As sampled data theory is primarily an extension of continuous con- 
trol system theory, this article has been written with the assumption that the 
reader is familiar with the techniques covered in the earlier series, particularly 
functions of complex variables and Laplace transformations 


t In this article, the standard Laplace transform operator is denoted by the 
letter s and the transform is referred to as the s transform 


spond to rapid changes. In more sophisticated systems, this 
filling in, or smoothing, might take the form of prediction 
by using a number of preceding samples to estimate the 
most probable path which the system should follow between 
samples. Fortunately, the smoothing operation can be 
introduced analytically when necessary by inserting an 
additional block with the proper transfer characteristic. 
The inserted block is then treated just as any other block 
in the system. Since we are concerned here with the effects 
of sampling and since smoothing tends to eliminate such 
effects, it will be more instructive to keep such operations 
to a minimum. Actually, if there were perfect smoothing 
after every sampler, a continuous system would result and 
both the switch and the smoother would be replaced by a 
straight line. 

The Sampling Theorem. It is apparent that there is a 
limit to how slowly a signal may be sampled if the original 
signal must be completely recovered by a data smoothing 
operation. This limit has been shown to be a function of 
the bandwidth of the signal (before sampling), mathe- 
matically expressed as 


F > 2}[BW) Q) 
where 


F = sampling frequency 
[BW] = bandwidth of signal to be sampled 


This theorem is almost intuitive since it requires that 
the sampler obtain more than two samples per cycle of the 
highest frequency or frequency component present in the 
signal.+ Although it is usually granted that F could be 
equal to [BW] for perfect signal reconstruction, this limit- 
ing case offers certain difficulties. For example, if the 
sampler frequency is synchronized with the zero crossings 
of a sine-wave signal of frequency [BW], the signal would 
never be sensed. Practically, the sampling frequency is or- 
dinarily much higher than that required by the sample 
theorem. 

The basic concepts and techniques of sampled-data 
theory tend to be independent of the configuration of the 
system to be analyzed. In view of this, these techniques 
will be presented by considering first open-loop systems 
and then more complex closed-loop cases. Many open-loop 
sampled systems are interesting in their own right. No at- 
tempt will be made to handle aperiodic sampling. Com- 
plete response will be stressed rather than sample-time 
response alone, as is common in most introductory treat- 
ments. 

[For the convenience of the reader, a list of the symbols 
to be used is included on the last page of this article.] 


The subticties of the sampling theorem are discussed in greater detail in 
“Digital Methods in Measurement and Control,’’ M. H. Nothman, ELectTrRical 
MANUPACTURING, September 1959, on p 129 


Analytical Techniques 


Methods of Analysis 


There are four analytical techniques which have re- 
ceived great emphasis in the study of sampled-data systems. 
These techniques include impulse response, frequency re- 
sponse, z transformation and p transformation. 


Impulse response uses the superposition principle to 
properly weight all preceding sampler inputs in obtaining 
the output response. This method is the most straightfor- 
ward to use, but it becomes very laborious in application. 


Frequency response uses a finite spectrum to approxi- 
mate the infinite spectrum created by sampling. Though 
not completely accurate, it permits using techniques which 
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follow directly from the analysis of conventional continu- 
ous systems in the s plane. 

The z transform, when understood, is probably the best 
technique for use in the study of sampled-data systems. 
Ordinarily only sample time values are available from this 
transform, but methods are available for finding the ana- 
lytical between-sample response as well. The z transform 
is simpler to apply than either the impulse or frequency- 
response methods. It is exact (for the assumed ideal sam- 
pling) and it can provide as much information concerning 
the response as the problem requires. This technique will 
be considered last, and it will be considered in some detail. 

The p transform method is a generalization of the other 
methods since it considers the actual effect of sampling by 
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a sampling interval of non-infinitesimal width. The p trans- 
form offers insight into the sampling operation since it goes 
to the s transform at one limit and the z transform at the 
other. This method is a fairly recent development and is 
certainly the most powerful technique of the four described. 
It does not, however, offer the basic simplicity of the z 
transform method. 


Impulse Response (3)t 


The application of the superposition principle to deter- 
mine a sampled-system response as the weighted sum of all 
previous inputs to the system will be described by analysis 
of a simple feedback system with a step input, as shown in 
Fig. 1. It is assumed that three between-sample points are 
required. 

Note that the input to the system at any sample time is 
the error signal found by subtracting from unity the system 
output which exists just as the sampling switch closes. This 
can be expressed analytically as 

e*(nT) = r(nT) — c(nT—) (2) 
where 
T = period of sampler 
n indicates that the nth sample is occuring 


c(nT —) 


indicates that the quantity to be subtracted is the 
output which exists just before the switch closes 

* asterisks ordinarily imply a sampled signal in 
sampled-data studies 

If one is not careful about using the (nJ—) output value in 
the above expression, an incorrect answer might result. This 
stems from the fact that an impulse is felt immediately at 
the output in system transfer functions of the high-pass 
type. In the case illustrated, however, this does not occur. 

The procedure for obtaining c(nT—) is actually quite 
simple. A table such as Table II is set up to record the 
transient output which is generated by each closure of the 
sampling switch. The magnitude of each sampling impulse 
is indicated by the e(t) which heads the column containing 
the transient for that impulse. Each sample sets up its own 
transient which, in linear systems, is not influenced by any 
subsequent sampling. It is clear that in finding any e(nT) 
it is necessary first to have all the values to the left of its 
column in row nT in order to determine the proper value 
of e(nt) or c(nT—). The output c(t) is given as the sum of 
all the components in each row. 

Figure 2 is the plot of the output which includes the in- 
dividual components of the output as a series of dashed 
curves. The solution is found graphically by addition of 
the dashed curves to obtain the solid curve. 

Of course, the impulse response method is just as valid 
for aperiodic as it is for periodic sampling. One just starts 
at zero time and works his way through the response. 


Frequency Response 


Frequency response analysis and synthesis of sampled- 
data systems is a direct extension of the techniques used 
with continuous systems. However, some of the graphical 
techniques lose their significance when applied to sampled 
systems. For the more complex systems, this technique is 
more practical than that of impulse response. 


t Italic numerals in parentheses refer to Cited References at end of article. 


Period 7=! g(t) 


Fig. 1—Simple sampled-data feedback system with a_ unit 
step input. 


NOVEMBER 1959 


c(t)== C; (t) 


Fig. 2—Unit step response of system of Fig. 1, constructed 
from data in Table U and Eq (2). 


Table Il — Data for Construction of Fig. 2 


Components of output 


c,(t) for c,(t) for c,(t) for 
0.368 | e(2) 0.097) e(3) 0.207 


5, | > 
c,(t) for 


So 


coo coco ocoocso © 


Frequency response analysis can be illustrated by con- 
sidering the system shown in block diagram form in Fig. 3. 
A unit area impulse train can be thought of as a carrier 
which is area-modulated by a signal r(t) to give a resultant 
signal r*(t) shown in Fig. 4. Figure 5 is the Fourier trans- 
form of the impulse train alone. The infinite train of im- 
pulse is seen to have an infinite point spectrum, whereas 
the single impulse has an infinite flat spectrum. When the 
impulse train is modulated each “carrier” in Fig. 5 develops 
the sidebands characteristic of the modulation signal. Again 
we meet the sampling theorem discussed in the introduc- 
tion. It is obvious that overlapping of sidebands will occur 


Impulse train 
M(t) 


Impulse 
modulator 


Fig. 3—Sampler viewed as an impulse modulator. 





Continuous 
input signal 7(7/) 


AN 
\ 
\ 
- Magnitude represents modulated 
1 impulse oreo 
\ 


‘ 


oe 


Fig. 4—Output of impulse modulator. 


Fig. 5—Fourier transform of unmodulated impulse train i(t). 


unless the modulating signal has components of frequencies 
such that 


oT (3) 


where 
Sm = the highest modulation frequency component 
T = periodic sampling interval 
F = sampling frequency 
The results given qualitatively in the paragraph above 
can be derived mathematically as follows. The modulator’s 
output is given as 


r*t) = iO rQ 
Now i(t) can be expressed as a Fourier series,* 


k= o@ 


ut) = SN Ge ikWe 
ya 


k 
where 
C, = Fourier coeflicient for term k 
W = angular sampling frequency 


k = an integer 


and C,, is found from the formula which determines 


Fourier coefficients. 
°T /2 
rf i(der*¥t dt 1 (6) 
T/i2 1 


The integral is unity since the unit impulse is defined as a 
pulse of unit area (for any value of k). 
It is now possible to express r*(t) as 


k=o@ 


r*() = S' r(tje™ s**t (7) 
— 


k=—o@ 


It is a simple matter to take the Laplace transform of both 
sides of Eq (7), term by term, if use is made of the shift- 


t For general background on Fourier analysis techniques, see ‘‘Using Fourier 
Analysis Techniques in Designing Whole Systems, Subsystems and Devices,” 
ELBCTRICAL MANUPACTURING, February 1959, p 87. 
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ing theorem. If 
L{f®] = FG) 
then the shifting theorem states 
L [e~## f(Q] = F(s +a) 
Therefore, 
k 


R*(s) = > R(s + jkW) (10) + 


1 
T Ly 
ku-@ 

Sampling in the s Plane. The s-plane plot of a simple 
continuous system is shown in Fig. 6, with s = a -+- jo. 
Figure 7 is the s-plane plot for the sampled version of this 
system, where W refers to the angular sampling frequency. 
Note that the cross-hatched central strip contains all the 
essential information. All other strips are repetitions of 
the central strip. Overlapping effects can be made apparent 
on such plots by including the constant damping lines 
(drawn from the center of each strip on the jw axis to the 
poles belonging to that specific origin). The overlap case 
is shown in Fig. 8. For a more complete discussion of 
inadequate sampling, see Reference (J). 


Normalization of Sampled Systems. It has been found 
useful to normalize the sampled s-plane plot (to facilitate 
analysis with dimensionless numbers and, as will be shown, 
permit easy transformation to the z plane) by multiplying 
both coordinates by T so that 

sT = aT + joT 


+t Equation (10) should actually read 
k=@ 


R*(s) = ry, Re + jkW) +r0+) (10a) 


k=—c 


but the 4% r(0+-) term is usually ignored since r(0+-) ordinarily equals zero 


Fig. 6—Poles of a simple continuous function 





. 7—Poles on sampling function of Fig. 6. 
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The sampling frequency, W, is then replaced by 


WT = (=) T =26 (11) 


This new plane, the sT plane, contains all the essential 

information concerning the complete plot in its central 

strip. This plane is shown in Fig. 9, with the central strip 

falling between +j7. As T — 0, the poles move toward the 

origin, and as T — «, the poles move out toward and 

cross the +jz lines which define the spectrum overlap 
boundaries. The sT plane immediately indicates if a sam- 
pled-data approach is needed in an adequately sampled AW 
system. A high enough sampling rate will force all non- 
infinite singularities to bunch around the origin to the ex- 
tent that they are not sufficiently resolved for graphical “J 
analysis. In this case, one might as well go back to the 
continuous analysis in the s plane as a sufficiently accurate 
approximation to the sampled case under consideration. All 
operations valid in the sampled s plane are also valid in the 
sT plane, as multiplication by T amounts to nothing more 
than multiplication by a constant; i.e., a scale-change 
factor. 

To make the normalization complete, let us also 
normalize f(t) such that sample times occur at integers; i.e., 
let f(t) be replaced by f(t/T). The dual change of variables, 
s-to-sT and t-to-tF (F = 1/T), allows use of ordinary 
Laplace transform tables with the normalized variables. 
However, when the normalized variables are formed simply 
by multiplying both numerator and denominator of F(s) by 
the same power of 7, the inversion to f(tF) from the tables 
requires, in addition, a multiplying factor F. The relations 
are most readily seen by reference to Table III which in- 
cludes a number of examples of the normalized form, F(sT) 
and f(tF). Actually, the sT normalized form is the most 
useful, and one can always go back to the s transform be- 
fore inversion to the time domain. Fig. 9—Normalized sT-plane version of Fig. 7. 


| 


Fig. 8—Inadequate (too low) sampling. 





Table tll — Brief Table of Normalized Laplace Transforms 


F(s) f(tF) | 


| 


sT(sT + aT) 


T? 


2s 1 i 
asin Bt 3 “Rin BT(tF) (sT)? + (BT)? 
T(sT) 
cos BT(tF) (sT)? + (BT)? 
T? 


1 bis 1 aT (tP) «3 
B° sin Bt a hs sin BT(tF) (sT + aT)? + (BT)? 


t The multiplying F required in going from FisT) to /(tF) always cancels out a T (FT 1) in the numerator of F(sT). 
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Fig. 10—Normalized form of Fig. 4. 


Amplitude 
' 
| 
' 
! 


| 


O 


Fig. 11 


Normalized form of Fig. 5. 


Figures 10 and 11 are the more rational normalized 
forms of Figs. 4 and 5. Such plots, as well as the analytical 
sT and (tF expressions, will be used freely throughout the 
rest of this paper. 


Finite Approximation of Sampling. When an impulse 
sampled signal passes through a smoothing low-pass filter, 
the frequencies falling outside the filter passband are elimi- 
nated. In frequency-response analysis, the infinite series of 


pass 
filter 


Fig. 12—(a) Original sampler, (b) equivalent circuit when dis- 
regarding the high-frequency components generated by sam- 
pling. 


Ss plane 





he 
/2r 
J3r 
J4r 
J5r 
J6r 
Fig. 13—Poles included in a + j3x% approximation to the 
infinite series produced by sampling the unit step continuous 


function (1/s) defined by the pole at s = O in the + jr strip. 
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terms is ordinarily approximated by a finite series of terms 
similar to what would be obtained after passage through a 
low-pass filter. At most, only the region between +j37 is 
considered. In such analyses, it follows that a sampler can 
be replaced by the setup of Fig. 12. Figure 13 indicates the 
poles remaining when a unit step is applied and only the 
+ j3m region is considered. 

For the case of Fig. 13, the output is found from the 
sT equivalent of Eq (10a), using Eq (7) and Table III.* 
Therefore, with T — F = 1, 


k=+1 


| S' 
T L537 
k l 


l 
7 


C(sT) 


The inverse transformation is 


c(dlF) 


} : 6 (0) (13) 


2 cos 2rtk 


A more general input would give a more complex modu- 
lated version of Eq (13), the modulation existing on both 
the d-c component and the cosine term. It is readily appar- 
ent, then, that the approximation made by neglecting the 
still higher order terms is to approximate sampling by 
means of a modulating cosine term. Large between-sample 
deviations occur from the first approximation of zero out- 
put between samples. 

Equation (13) is plotted in Fig. 14. It is seen that the 
sampling approximation can be thought of as positive half- 
cosine pulses centered at integers of tF plus negative half- 
cosine pulses interleaved with the positive pulses. Since 
these are referenced (fed back) to the step input signal, 
they only introduce sampling errors and do not contribute 
useful intelligence concerning the signal being sampled. 

The approximation of Fig. 12 is now seen to allow 
sampled systems to be treated as continuous systems. The 
filter eliminates the discontinuities created by sampling and 


e @ CP) transforms to T/(sT + aT 


th 


O 


Fig. 14—Signal generated in open-loop sampling of the step 
input 1/s by the approximation of Fig. 13 and Eq (13). 
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Continuous 


input signal 
“Seal 


A+| 


Fig. 15—“Boxcar” signal generated by a zero-order hold. 





wT 
2 


Fig. 16—Fourier spectrum of the zero-order hold. 


substitutes a continuous approximation to these disconti- 
nuities. 

Since we are on the subject of sampler-plus-filter, it is 
logical to consider the subject of data smoothing (or re- 
construction) next. This is an important practical as well 
as theoretical subject for sampled-data system. analysis and 
synthesis. 


Data Reconstruction (Hold). The concept of using a 
sampler plus a low-pass filter has greater use than might 
at first be thought. In general, it is advisable to modify the 
impulse type of signal to some other signal whose “ripple” 
(high or complementary frequency) components are 
greatly attenuated in favor of a smoother approximation of 
the sampler input signal. This reduces, where applicable, 
system wear, noise and sampler-induced hunting. In other 
words, it is (ordinarily) poor engineering practice to shock- 
excite control systems, even if they are completely non- 
mechanical in nature. In addition, it is desirable (and 
possible) to minimize the magnitude of a system-error 
signal further (which implies the system is operating closer 
to the desired output) by having the system predict the 
between-sample response while waiting for the following 
sample. This extrapolation and smoothing operation will be 
discussed by considering systems which depend on the 
assumption that satisfactory extrapolation can be achieved 
by approximation of the original function with a poly- 
nomial in time. 

An extrapolation (prediction) system requires a mathe- 
matical expression which can be closely approximated by 
hardware and which is a function of past data only. It can 
be shown that the Gregory-Newton formula satisfies the 
requirements for polynomial extrapolation. This formula is 
somewhat simplified through use of our normalized coordi- 
nates, (F and sT. The approximation to the continuous sig- 
nal, r(tF), a fraction of a sample period, r, after the last 
periodic sample, r(n), by the Gregory-Newton method is 
given as 


r(n + 7) r(n) + r[ro) r(n DE 


43 [ro 2r(n 1) + r(n 2»| u > ig oe. .. (14) 


For the nth order input polynomial, at least (nm +- 1) 
prior samples are required for perfect prediction. An error 


NOVEMBER 1959 


results when an insufficient number of prior samples is used, 
but the error is usually less than the error with no extra- 
polation at all. 

Data-hold systems can now be classified by the number, 
or order, of the terms in Eq (14) which are included in 
the extrapolation. If only the first term is included, it is 
called a zero-order hold. A system using the first two terms 
has a first-order hold; and a system with (m +- 1) terms 
has an nth-order hold. 

The zero-order hold operation is also called a “clamp” 
or “boxcar” filter circuit. It is quite simple in principle 
since all that is required is that the sampling amplitude be 
held until the next sample arrives to reset the circuit to the 
new amplitude level. This is by far the most common type 
of filter discussed in the literature of sampled-data systems. 
Consider the hold operation between the sample n = k 
and n = (k + 1) as shown in Fig. 15. It is necessary to 
delay the step function in sample k by the factor e—T, 
The output from k to (k + 1) is then 


enkeT =p (RH eT 


CST) to (k41) = (‘ ee 


and the complete output is (k becomes n for the general 
summation) 


|rwor (15) 


n=o@ 
— g-oT 
C(sT) = r(n) e~"T* (* 7 — 
n=0 
The first part of the right side of this equation is seen to 
be the transform of the sampled input, so that 


ee aT 
CGT) -R«ST)(' —- ) T 


and H(sT), the hold transfer function, is 


C(sT) 
R*(sT) sT 


Piece 


H(sT) = —T (16) 


To examine the spectrum of this transfer function, we 
substitute jw for s.* 


(I eo eryr = feel (eieT 12 — e-ieT 2)T 
joT ' jo 


T sin (27) J T 
2 / as (17) 
oT / 


H(jwT) 


9 
/ - 
Srcianiaaasipinibiisias 


9 


The absolute amplitude portion of H(jwT) is shown in 
Fig. 16. It is seen that the complementary components are 
attenuated considerably by this holding operation. The 
phase lag contributes to feedback system instability and 
+Utilizing the trigonometric relationships 

eieT = coswT + jsinwT cosw7 


e 107 cosw T /sinw T sinw T 


nput signal. 


(tf 


| 
| Continuous 
| 
. 
| 
| 


z 4 
tk ~ 


Fig. 17—Signal generated by a first-order hold for same input 
as in Fig. 15. 
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can be considered the price paid for the low-pass character- 
istic of the zero-order data hold. 

The first-order hold extrapolates between the present 
sample and the next sample by a straight line determined 
by the present sample and the previous sample. Mathe- 
matically, this is described by the first two terms of Eq (14) 
and is shown in Fig. 17. The reader is referred to the 
literature for detailed discussion of this and higher-order 
holds. Higher-order holds, because of their excessive phase 
shifts and decreased immunity to noise, are generally not 
used in sampled-data systems. The low-pass nature of many 
systems can also dictate against the use of the higher-order 
holds. 


Network Relations. Figure 18 shows two basic conditions 
which might arise in sampled-data systems. First consider 
the system which includes a synchronized sampler between 
blocks. In Fig. 18a, C,(sT) and C,*(sT) are given as 


C(sT) i*(sT) GsT) (18) 


k= @ 


CiUsT) = ry RMT + pk2x) G(sT + jk2r) (19) 


k= —a@ 


where Eq (19) is the application of Eq (10) to this case. 
However, it is possible to make the substitution 


R*(sT) = R*(sT + jk2r) (20) 


IF) ye UF) ct oMtF) ——T_ cp ItF > "UF 
Oo— a G(sT) . 7: Gals x —O 
(a) R"sT)\-— (s/ (s7 —~ sT : 


G,6AsT) 
—_—$ $A ——__$_— a, 


o 
r*(tF) contr) 
G(s 


rtf / 
SD er | Bsr) 
‘ a 


AX sT Yh =a cXsT 


Fig. 18—Basic conditions in sampled-data systems: (a) sampler- 
separated blocks, described by Eq (24); (b) non-sampler- 
separated blocks, described by Eq (25). 


Fig. 19—Sampled-error feedback system described by Eq (26). 


eel 4 1 
{_» }— 


Fig. 20—-Sampled-error, sampled-feedback, 


sampled-output 
feedback system described by Eq (27) 


. G (sT) 
Ri(sT) + E(sT) E (sT) KT? C (sT) 


at me ~ | sT(sT4T) ] 


Fig. 21 





System used for illustrative examples. 
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which allows Eq (19) to be written 
k= « 
eT) X! 
Ct(sT) = ROD Gite + jk2x) 
k . 


or by use of Eq (10) 


G*(s) 


and 
CisT) 
Repeated application of the above reasoning reveals 
that sampler-separated blocks may be treated as a product 
of the starred functions, or, in general, 


R*(sT) GGT) (23) 


C(sT) = R*(sT) G*(sT) GX(sT) °° * Gi(sT) (24) 

No such result occurs for the non-sampler separated 
system of Fig. 18b. Such a system has continuous feed 
between certain parts of the system. The output of Fig. 18b 
iS 


k 
C*(sT) : CON Ger + jk2r) GAsT + jk2r) 
deal 


k==—©o@ 
R*(sT) G.GHsT) (25) 


The term G,G.*(sT) is standard notation in sampled- 
data literature to indicate that the sampling operation does 
not operate on these system elements individually. 

From Eqs (24) and (25), it is seen that the behavior of 
feedback systems can be a function of the sampling posi- 
tions in a system. Figures 19 and 20 are typical examples 
of such systems. Figure 19 has an output which is given by 


G(sT) R*(sT) 


((sT) 14 HG*(sT) 


(26) 


Figure 20 has an output which is given by 


G*(sT) R*(sT) 


CAST ha 8 
wae H*(sT) GT) 


Determining Stability by Frequency Response in the sT 
Plane. Techniques used in the study of continuous systems 
will be discussed with respect to the sampled-data case. For 
purposes of illustration, the simple system of Fig. 21 will 
be used throughout. For a stable function G(sT), the prob- 
lem depends on the zeros of the denominator of the follow- 
ing output expression: 

om _ G(sT) R*(sT) e 

((sT) 1 -G%sT) (28) 

An unstable system results if zeros of [1 
found in the right-half sT plane. 

The Routh criterion is an analytical investigation to de- 
termine whether or not any zeros of [1 +- G*(sT)] fall in 
the right-half sT plane. Its disadvantages are that it leads 
to high-order polynomials, complexity in analysis, and little 
information on the relative stability (which would assist 
in the design of compensation into the system). This test 
begins with the expansion of the characteristic equation 


of Fig. 21 
a 1 AT 
TL jet GeT 


AT 
j2r) (Jol fax + T) 


AT ~ 
(jwT + j2r) (wT + j2e + T) Je 


G*(sT)] are 


+ G*(jwT) = 
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Since all complementary strips in the sT plane are repeti- 
tions of the central +jz strip, and since the negative half of 
the central strip is a mirror image of the positive half, it is 
necessary to consider wT only in the limits 0 = wT <z. It 
is also seen that there is a predominance of the first three 
terms of Eq (29) when oT is restricted as indicated. Now 
the expressiorf 


KT KT 


G* lw 1 P ° a T ° + * - ° _— —_ 
Gel) JoT(joT + T) © (jwT — j2r) (joT — j2e 


rT) (30) 


is subjected to the Routh test. To find any zeros in the 
right half plane, write 


L + GGT) = CT) +a: + J6) CT) +...+ 


(a, + jbn) (31) 


then form two new polynomials, q(sT) and r(sT), as 
q(sT) = a(sT)" + jb(sT)”? + a(sT)3 4 
rsT) = (sT)" + jh(sT)’ + asT)"? 4 


and then solve the ratio as 


r(sT) 


qT) asT+Bi+... (34) 


All zeros lie in the left half plane if all the «’s are real and 
all the f#’s are imaginary. 

The Nyquist diagram provides an approximate graphical 
test in the G*(jwT) plane to determine system stability. This 
method has the disadvantages of increased complexity with 
an increase in the number of approximation terms con- 
sidered and an uncertainty in the accuracy unless checked 
by more precise methods. 

In this test we again use only a few terms of the infinite 
series G*(jwT) for determining the stability of [1 +-G*(jaT)). 
G*(jwT) is plotted as wT varies from 0 to a and encircle- 
ments of the —1 point are noted as in standard Nyquist- 
diagram studies. 

Figure 22 is a plot of our sample problem using a two- 
term approximation for G*(jwT): 


n 


\ KT 
* T - 
“ee (joT + nj2n) (jwT + nj2x + T) 


n 


a — += Se paar, SD) 
joTGel +17) feT — 2u)(T + HoT — ony) 
The dotted curve in Fig. 22 gives values of G(jwT) which 
are then corrected to the G*(jwT) approximation (solid 
curve) by vector addition of the second term. Note that in 
the s plane one pole would occur at sT = T, or a, -++ j(0) 

x, == T/T = 1. Table IV gives the vector values plotted 
in Fig. 22. Equation (35) indicates that for systems whose 
passbands are only a fraction of 7, the first term alone is 
an adequate characterization of the system. In this case, a 
Nyquist plot for the simple continuous function is adequate 
and the system is treated as a continuous system. 

Stability and relative stability are determined by investi- 
gation of how the locus behaves with respect to the —1 
point,"as in conventional continuous servo analysis. 

It is interesting to note the general result that at oT = 
we obtain 


KT : KT 
"+ jr) Jn(T — jr) 
2AT 


Jr) cr t Ir) as  . 97 
P+ A) +e BD 


G*(jr) = 
|v 


a value on the negative real axis. For stability, G*(jr) > 
1, or 
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Second Term 
Eq (36) 


First Term 
Eq (36) 
-9C 
Fig. 22—Nyquist diagram for system of Fig. 21 using values 
of Table IV calculated by the two-term approximation of 
Eq (36). 


Table IV — Data for Two-Term 
Nyquist Approximation of Fig. 22 


(T = 2, K = 2.5) 


k <3 : 


7 (38) 
Root-locus techniques in the sT plane suffer because of 
the infinite number of poles and zeros introduced by sam- 
pling. As before, it is possible to use an approximation 
through consideration of only a finite number of the avail- 
able poles and zeros. However, even in fairly simple prob- 
lems, the process of collecting terms over a common de- 
nominator can become quite messy algebraically. 

In the sT plane, the sampled poles of G(sT) are just the 
poles of G(sT) repeated at multiples of +j27. The sampled 
zeros, also infinite in number at multiples of +j27, are 
altered by sampling and must be determined independently. 
As will be seen under z transforms, it is usually possible to 
express the system function, G*(sT), as a closed form as 
well as an infinite series. This allows ready calculation of 
the zeros. The closed form for the system of Fig. 21 will 
be shown later to be 


Ke (1 eT) 


. 
(eT 1 (et —eF) — 


G*(sT) = 
Equation (39) will be useful in discussing the application 
of root locus in the sT plane to our standard system. 


The zero of Eq (39) (the value of sT that makes the 
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Fig. 23—Complete_ sT- 
plane root-locus plot of 


system in Fig. 21. 
sT plane 


s7T plane 


Fig. 24—Root-locus plot for 


j3™ approxi- 
mation of system in Fig. 21. 





numerator zero) is seen to fall at minus infinity. The poles 
are readily plotted from G(sT) as shown in Fig. 23. The 
root-locus plot for poles limited to +j3 is shown in Fig. 
24. The exact root-locus sT plot can be obtained by other 
techniques to be described presently. It should be noted 
that the symmetry in position of the singularities tends to 
simplify root-locus plots, and, as will be seen later on, for 
this case leads to the true locus points. Therefore, in gen- 
eral, it is wise to choose an approximation which is sym- 
metrical with respect to the axis of the reals when using 
root-locus in the sT plane alone. 

Other continuous control system analysis techniques are 
available, many of which are not readily adaptable to the 
sT-plane approach to sampled-data systems. For example, 
Bode phase and gain plots are primarily useful for func- 
tions which can be expressed as simple products. As has 
been shown, the frequency response of a sampled system 
is expressed as an approximation by a few terms of an in- 
finite summation. 

Continuous control system techniques in the sT plane 
can be used for specific cases where certain approximations 


C(s) 


Fig. 25—-Sampled-data system with p-transform notation used 
for finite sampling times. 
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are valid. If the trivial case of just ignoring the sampler 
can not be justified, it may be possible to use a continuous 
approximation which includes at least some effects of sam- 
pling. For example, if a zero-order hold is used after 
sampling in the system of Fig. 21, the transfer function for 
the hold part of the system is 
aor 
sin~>S 
oT 


9 


H(jaT) = ei#T 2 (40) 


Using the 
HG*(jwT) is 
HG*(jowT) 


n 


— sin (= + nr) 

5 e7 il (oT 12) +n8 7 G(jwT + jn2r) Chl) 
a (4 + nr) 

For a high enough sampling rate, with G(jwT) sufficiently 
low-pass to allow neglecting the harmonics 


HG*( jwT) = e~**T? G( jwT) (12) 


shifting theorem, the combined expression 


The result is seen to differ from the simple continuous ap- 
proximation by the addition of a delay of T/2, or one half 
of the normalized interval. 

There is little need to go into further detail with our 
example at this point. Equation (42) describes a continu- 
ous system with delay, and the analysis and subsequent 
compensation follow the approaches used with continuous 
systems. (4) 


The p Transform 


Although historically the p transform (pulse transform) 
is developed from the z transform, the order will be re- 
versed here since the nature of the z transform is more 
readily grasped by the use of a limiting process on the 
p transform. The p transform will not receive much more 
than an introduction here, but it is a valuable tool and it 
is important that the reader be aware of its existence in 
the literature. The complexity of using the p transform 
stems from the transform itself which is not a simple 
function of s but contains transcendental factors as well. 

The p transform will be derived by using the system of 
Fig. 25 in which we desire to know the form of r,*(t), the 
output of a sampling switch which is closed for a finite 
time interval h. The switch has the transfer characteristic 
shown in Fig. 26a which, when applied to the general input 
(Fig. 26b), results in the switch output shown in Fig. 26c. 
There are two approximations involved. First, that the 
input impedance of the G(s) block does not load the source 
appreciably and, second, that the switch rise and fall times 
are very short. 

We now write 


rp(t) = r(t) i) 


The s transform of r,*(t) is 


R*(s) [ re() en*tdl 


Y 


It is now possible to write 


T+h 
R*(s) k l [ r(te~*'dt 4 [ r(tje~*'dt + 
Jo JT 
* oT +h iT +h 
I r(te~*tdt 4 r(He—*'dt 4 “a (45) 
2T nT 


since i(t) simply cuts out portions of the integral of Eq 
(44). The physical significance of Eq (45) can be readily 
seen in Fig. 26. Equation (45) may be expressed as 
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‘<4 nT +h 
R&(s) =k > I r(le~*tdt 
nT 


n=0 


= k y Lf. r(te~**dl ¥ rivet | (46) 
% nT nT +h 


a 
If we make the following substitutions 
m1 =t—nT (47) 
ro =t—nT—h (48) 
Equation 46 can be put into the form 


n= « 
R*(s) = ky E wf rn + nTyje™'dn — 
n=0 F 
eT ¢ mo rr. + nT + hye sade | (49) 


For the common case where 

rin + nT) = eT r(7,)T 
and 

rMre + nT +h) = eo e"Ttr(72) 
Equation (49) can be written 


Rx(s) & E wn / 
ya 0 
n=0 

eonT (atvenhiste / r(r)e rade | (51) 


Res) = k \ e-"Tate) [R(s) — e 
bail 


r(re dr; 


This leads to 


here) R(s)| (52) 


and recognition that 


7S obi 
— 
n=0 


allows Eq (52) to be written as 


L — e Atet - 
R3(s) = kj Fare h) (54) 
When Eqs (50) do not hold, derivation of R,* (s) can be 
obtained from direct substitution in Eq (49). For most 
functions, this derivation is fairly straightforward. 
For functions such as 

r(l) = e-*' cos Bl (55) 
simplicity dictates that, before any attempt is made to use 
Eq (50), the function should be expanded into 


r(t) 
(56) 


and the solution treated as the solution of the sum of two 
simple complex exponential functions. 

Through use of complex convolution and contour inte- 
gration, more general methods have been described in the 
literature for determining p transforms. However, for an 
introductory discussion of this type, the technique described 
should be sufficient to give the reader an intuitive apprecia- 
tion of the nature of the p transform. 

Equation (54) reveals that as h — T, the p transform 
goes to the standard Laplace transform and satisfies this 


Where v is a complex number in general 
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Fig. 26—Effects of finite sampling time. 


limiting case. For the other case, h — 0, we are led in a 
straightforward manner to the z transform. 


The z Transform 


Consider the limiting case, h — 0, for Eq (54). 
Res) = k= . wesce ie 


liimh— 0 | 


h(s + v) 
] eT (ate 


k Rs) 


If the arbitrary assumption is made that 
lim kh = 1 6 


k—>0 
so the pulses of Fig. 26a become unit-area impulses, Eq 
(57) can be put in the form 


oT 
R38) = rar (8 + 0) RG) (59) 
The sampling operation has been given the properties of 
an impulse with a magnitude determined by the input func- 
tion (Figs. 26a, b, c). The same general result can be 
obtained for functions not covered by Eq (54). 
Reference to Table V indicates that all terms such as 
(s + v) in Eq (59) will cancel with like terms in the 
denominator of R(s). This leaves all the remaining terms 
as functions of e and e—*’ only. Z transforms are now 
obtained by making the substitution 
z=eT (60)t 
A more typical derivation of the z transform is obtained 
from the impulse sampling form 


n @ 


r*(l) ¥ r(nT) 6(t — nT) 
bommal 


n=0 
where the impulse function 


it — nT) = 0,1 A nT 


=lti=nT (62) 
tThe limit of 1—e-? as x —+ 0 is equal to z. 


tBy convention R*(s) becomes A(z) instead of R*(1/T In z) when the substi 
tution of Eq (60) is made. 
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<e 

Fig. 27—Plot of constant 

damping lines in sT plane of 

simple function with poles at 
1 .0+j(B+2nr7). 


_ 
Fig. 28 — Equivalent 
of Fig. 27 in z plane 
Multiplicity of poles 
in sT plane now lie 
on top of each other 
at e*/2 B 


Equation (61) transforms into 


n x nm «= 


i. 1 
?*(s) \ r(nT)« S rnT) 2 (63) 
home! a 
n=0 n=0 
In obtaining the closed form for Eq (63) for a given r(t), 
it is ordinarily necessary to make use of Eq (53). 
Through more complex methods it has also been shown 
that the z transform can be expressed as 


R(z) S residue | Hs a > | (64) 
z— e% 


ya 
poles of R(s 


where R(s) is the Laplace transform of r(t) and s, desig- 
nates the various poles of R(s). Though stated in a more 
general fashion, this is similar to Eq (59). 

The inverse z transformation can be obtained readily by 
two methods. The first makes use of a partial fraction ex- 
pansion to the point where the individual parts become 
recognizable from tables, and the second requires only a 


Open-Loop Analysis 


A discussion of sampled-data analysis through use of 
the z transform is best initiated by considering open-loop 
systems in order to keep complexity to a minimum. After 
the techniques are well understood, application to closed- 
loop systems is rather straightforward. Moreover, the open- 
loop sampled-data case is important in its own right and 
the technique can be a valuable design tool once it is 
understood. 


Fig. 29—Simple open-loop sampled-data system with fictitious 
sampler (dashed lines) synchronized with input sampler. 
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division of the numerator by the denominator to give an 
infinite series in negative powers of z. The form of the 
latter is that of Eq (63). The coefficient of each term 
gives sample time amplitudes and the exponent of z refers 
to the specific sample time. It is to be emphasized that, for 
the first case, only sample time values are correct. More 
elegant inversion considerations are given in the literature, 
but the two methods given above suffice for most typical 
problems. 


Properties of = Transforms. With the z-transform ap- 
proach we have, primarily, replaced the transcendental 
functions in s by a new, algebraic function in z. This new 
function allows sampled-data system analysis to be quite 
similar to that of continuous systems. 

As before, let us drop the s plane in favor of the nor- 
malized sT plane. This is quite natural since the product 
sT is the variable factor in z and allows ready transfer of 
data from the sT plane to the z plane. 

First, consider mapping the imaginary s7-plane axis in 
the z plane. As we move along the jwT axis, the z equiva- 
lent is 


uF wT (65) 


Thus, z is of unit magnitude and varying phase angle, re- 
tracing the same path every 27 radians. The imaginary sT 
axis from +-» to —~ is plotted into the unit circle in the 
z plane. For the left-half-plane poles (since s = 2 + jw), 
the sT form is —xzT joT or, for the z transform, 


z=e 


e-2T eiivl e-eT / wT (66) 


Thus, as shown in Figs. 27 and 28 for the particular case 
aT 1 and wT B, the left-half-plane sT poles transfer 
to a position inside the unit circle in the z plane. Right-half- 
plane sT poles fall outside the unit circle in the z plane. 
The multiplicity of poles in the sT plane is readily trans- 
ferred to the z plane since they repeat at intervals of 27 
and thus lie on top of one another. The two poles shown 
in Fig. 28 are the infinite train of poles shown in Fig. 27. 

The z-plane origin is the z equivalent of negative in- 
finity of the real axis in the sT plane. The negative real 
z axis is readily seen to contain all odd multiples of +jz 
in the sT plane, whereas the positive real axis contains all 
even multiples of +jz. Adequately sampled signals are not 
readily distinguished in the z plane by the artifice used for 
the sT case described previously. A simultaneous sT plot, 
carried along with z-plane analysis (with constant damping 
lines), will avoid the possibility of confusion. 


with z Transforms 


Figure 29 is a simple sampled-data system with the time 
and transformed functions indicated at the appropriate 
points. The dashed output passes through a sampler syn- 
chronized with the input sampler in order that the output 
will appear as a train of impulses, with c(t) = 0 between 
samples. The reason for using dashed lines is to indicate 
that this output is ordinarily fictitious. It is introduced as 
a consequence of the mathematical nature of the z trans- 
form and is primarily responsible for the simplicity of the 
z-transform method of analysis. 

The cases of cascaded system elements for both continu- 
ously connected and sampler-separated elements has been 
discussed under “Network Relations.” The results obtained 
in that section can be applied directly to obtain z-transform 
expressions. When these results are applied to Fig. 29, 


(s) R*(s)G(s) (67) 
C(z) = R(z)G(z) (68) 
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The systems of Figs. 30 and 31 are then, respectively, 


C(z) = RQ2)G(2)GA2) (69) 
C(z) = R(z)G,G.(2) (70) 


Thus, only the sampler-separated tandem blocks of a sys- 
tem may be expressed as a product of their respective z 
transforms. Continuously connected blocks must have their 
s-transform expressions combined as a product and the z 
transform taken of the combination. It has been shown (/) 
that the effect of the non-sampled blocks on the system 
is equivalent to the arrangement shown in Fig. 32 when the 
product G,G.(s) is expanded and the z transform taken 
term-by-term. The k factors are the interaction coefficients 
between the blocks and are not functions of the sampling 
period. Drawing block diagrams in this manner helps to 
clarify what effects will occur as various types of system 
compensation are tried. 

The data-hold operation, discussed at length under “Fre- 
quency Response,” does not introduce any great difficulty. 
It is just a continuous tandem system of the hold and the 
following network. For example, the zero-order hold trans- 
fer function from Eq (16) 


la z (71) 


s 


does not introduce difficulty since the factor z~' carries over 
directly in the z transformation. Consider, also, the z 
transform of Fig. 33. Referring to Table V, for 


l 
l — e*7) ( 
s(s + a) ( a \2 


Table V—s, p and z Transforms! 


f(t) F(s) 


uo(t) 


uo(t nT) 


cos Bt 


e 7‘ sin Bt 


18 
(ea)? + { 2 if Stew st+a- 


t Te "(3 ror) + - 
‘ s(1 eT) 


R(s) —— 
—_—-— — u 


Fig. 30—System with sampler-separated elements, described 
by Eq (69). 


Fig. 31—System with continuously connected elements, de- 
scribed by Eq (70). 


ia A. 


AG (s) eer 


k,6,\s 
= 


32—Equivalent of system in Fig 


"4 
A Rian 


+} +— 


Fie. 33—System with zero-order hold described by Eq (72) 


in Z transform. 


Tz 
(z 1) 
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tT Au abbreviated version of the tables in Reference (/) 
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Sample-Time Response 


To illustrate analysis of the open-loop case (without data 
hold), let us solve the system of Fig. 34 for C(z). First, the 
output C/(s) is found as 


C(s) = R(z)G(s) (73) 
which, when taken after the sampler, becomes 
CQ) = R@)GQ) 


: E : JG : =) 


2 (l+ee)z +e 
Solution by long division is carried out as follows 
1+(te-eT)2'4+[(1+e-e?)? e872 2+... 
2?—(1+e7¢7)z+-¢7¢7 | 2 
#-U+e*)z +e 
(1+e7*7)z—e"=" 
(+e-e?)z— (1 teeTy teat(l pene) 
G+eeTy — ee? —e- 27 (1+e-47)z7 
CQ) =14+ (0 +87) 2° 4+ (0 + ee? — eet) 27 +... (7) 
which, when reverse transformed gives [see Eqs (61) to 
(63)] 
e(nT) = 6(0) +1 +e-*")6— T) + [1 +e-97? —e 8" 51-27) ‘(76) 
76 
Equation (76) is plotted as circles in Fig. 35. 
The same solution can be obtained by partial-fraction ex- 
pansion, but in a closed form, in which case 


ccd = (rata) (c25) - (05s) (Ex) 9 


c(nT) (— =r) a —€ aT gan) 


l—e a(nt+i)T 


(78) 


ler 
By substituting specific values of n (integers) in Eq (78), 
we once again obtain the circles of Fig. 35 for the output 
response at sample time. 


Between-Sample Response 


The solution just found, though valuable, does not pro- 
vide information about the continuous output between 
samples. This situation has been circumvented by addition 
of a fictitious delay (Fig. 36) which allows points occurring 
between samples to appear at the output sampler at sample 
time. A factor m is defined as shown in Fig. 37 and is 
such that the delay, A, is expressed 

A=l-m (79) 

The use of A requires that a modified, or advanced, z 
transform be adopted for analytical work. This transform is 
designated F(z,m) and effectively modifies each term in 
the response with the correct delay factor. Use of the 
modified transform requires a new calculation of the re- 
sponse for each assigned value of A (or m). Though the 
modified z transform has received a great deal of attention 
in the literature, an alternate method called pseudo-sam- 
pling is easier to apply (7). The alternate method provides 
between-sample points also, but it requires only ordinary 
z transforms. 


Pseudo-Sampling. This technique is applied to the system 
of Fig. 34 by the modification shown in Fig. 38. Two ficti- 
tious samplers have been added which, though synchronized 
with the real sampler, sample at a higher integral multiple, 
q, of the real sampling rate. The z transform is then based 
on the pseudo rather than the real sampling period so that 
the real period becomes qT. Thus, for this case, 

eur z 


RG) = = 


(80) 


R(z) } C(s) 
Sta 


Fig. 34—Illustrative example for z-transform analysis 


Fig. 35—Response of Fig. 34 in z transform calculated by 
long division in Eqs (73)-(76), or by partial fraction expansion 
in Eqs (77) and (78). 


Fictitious 
delays 





Fig. 36—Sysiem for obtaining modified z transform. 


Effect of fictitious delay AT on c(nT) of Fig. 36. 


Pseudo- samplers 
q7 Pa ews / 
xm l ms C (2) 
mpc) 
sta 


G (2) 


Fig. 38—Pseudo-samplers inserted in system of Fig. 34 to 
permit analysis at between-sample_ points. 


(82) 


That Eq (80) actually supplies pulses only at multiples 
of qT can be seen from simple division, 


Z 


l + 27 - 


Lie 


yet z 


+é6(t—qT)+ SC 2qT) +... (83) 
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Points due to Eq (84) ——-0 
Additional points due to Eq (93) ——=« 


g7 2q7 3q7 4q7 
7 pseudo — sampling rate 
~~ basic sampling rate 


Fig. 39—Between-sample response for system of Fig. 34 
(compare with Fig. 35). 


If only the midsample points are needed, in addition to the 
sample time points, set g == 2. Simple division of Eq (82) 
then gives 
Be et hice, GO) 
e9T7? z+ ¢e af | 28 - 
g3 — e-aTe? — 7 4 ea? 
ott aete 
e aT 72 deat eal z 


“a + eT)z + Qe ‘ 


The points found from Eq (84) are shown in Figure 39. 
The normalized coordinates are especially useful when a 
new value of q is chosen after a first trial as it saves re- 
plotting the whole curve. 

The same problem is solved analytically by use of the 
relation 

2*> — 1 = [z — eo 2#!n] |z p—dawin} . . . [z — ec Fnein] §=(85) 
Thus, if ¢:= 2, 
z—)] = (z — e& 7") (z — ei") = (2 +1 (2 -— 1) 


Equation (82) can then be written 


CQ) = K ( 5 NG - 5)(; 2 =) 


Partial fraction expansion leads to 


CQ) A B 


: z+1 


K ~z-e@! ‘ss oP 


z-1 
from which, after some manipulation, we can finally obtain 


c(n T) 1 


2aT 


l-—e 
L A 4 ate oe me wer | (88) 


If even and odd values of n are considered individually, 
we get 


neven 


(89) 


n odd 
c(nT) = K cst nme Gl 
odd 1 — e-%7 


= Ke [(n — 1)T]e-2" (90) 


Equation (90) is especially valuable as it indicates that the 
midsample point is the normal exponential decay from the 
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previous even sample. In most cases the form of the mid- 
sample equation (when solved analytically) would allow 
one to sketch in the continuous response. The same prob- 
lem is solved for g = 4 in the literature (/), but the 
complex algebra becomes rather unwieldy. However, the 
long-division method is quite simple: 


ca) = K (545)(—=) (ol) 


(92) 


Division leads to 


C@) = 1] + e eT 2“! 4+ eel 2-2 4 etal 2-3 
A 
(1 + eT) 2-4 +4... (93) 


These points are also plotted on the curve in Fig. 39. 

The pseudo-sampling technique allows one to generate a 
closed-form expression for many common discontinuous 
functions. The user is free to decide on the number of 
between-discontinuity values and the expression is amenable 
to machine calculation. 


Discontinuous Functions—Closed Forms. Consider the 
staircase approximation to a sampled decaying exponential 
of the form e—*. The block diagram of the system (in- 
cluding pseudo-samplers) is shown in Fig. 40. The only 
restriction on q is that it is a positive integer. The value of 
q is determined by the number of points required per real 
sample interval, gT. The output, C(z), can be expressed 
through simple multiplication as 

C@) zgatl — 7a — @ aqT x + e aq! (94) 
On setting q 2 and dividing, the following series is 
obtained 


C(z) el tt ret zt +} ett 23 + ott 4 + 
eer t+... (95) 
The exponent of z represents the pseudo-sample time at 
which the output has the amplitude determined by the 
coefficient of the same term in z. Equation (95) is plotted 
in Fig. 41. 
As another example, consider the system in Fig. 42 
which generates a sawtooth waveform. Again, simple mul- 





Fig. 40—System for generating a staircase function. 


+++ +++ 
27 3F 4F SF GF TT t~< 


Fig. 41—Signal from output of Fig. 40, plotted from Eq (95) 
with q = 2. 





tiplication leads directly to C(z). 


: zt z— zt qz'-¢ 
Cc = - ratinell ‘qiemesteuem: Ga clipsuns 
(2) ee ie 1 =| 


gett — gz? -+- (¢ — 1)z 
gat? 27at + zi— 


— o 
z+2z-1 oe) 
On setting g = 4 and dividing, the following series is ob- 
tained: 

C(z) = 2 + 22? + 32? + 73 + 228 + $277 + 9+... (97) 


Points found from Eq (97) are plotted in Fig. 43. 


Delay in Sampled-Data Systems. Sampled-data systems 
which contain delay equal to a multiple of the sampling 
interval are handled readily. For a delay of p intervals, p 
being an integer, the z transform is z”. The delay is 
treated as if it were a sampled block in the system. Special 
techniques are required to handle non-integral delay. The 
modified z transform seems to be the most popular of these 
methods. In order that only basic z transforms are required, 
the treatment here will be an extension of the pseudo- 
sampling technique introduced above. 

Figure 44 is a pseudo-sampled system containing delay. 
Assume the delay is r,. A pseudo period is chosen such 
that gT = +r, and kT = T”’, where 7” is the real sampling 
period and where q and k are integers. A simple method of 
doing this is to set up the ratio on a slide rule and choose 
the smallest integers for g and k which approximate this 
ratio. For example, 


r qT q 
ax & 
3.66 sec and r, == 0.25 sec. Then the ratio 


(98) 
it. Z7 =< 
might be 


0.25 1.985 


3 66 39 (99) 





Fig. 42——System for generating a sawtooth waveform. 





47 87 27 167 
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Fig. 43—Signal from output of Fig. 42, plotted from Eq (97) 
with q 4. 


Ci (2) C212") 
gT =7, 


Fig. 44—Method for handling non-integral delay by pseudo- 
sampling techniques in Eqs (98)-(102). 
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to within 1 per cent. Of course one could use the exact 
ratio 25/366. ; 
With the pseudo-period chosen, the output is taken at C, 


as 
ceo = (gs) (A=)(4) 


Then, either analytically or by long division, the output is 
determined. The actual output, C,(z), is found from those 
times where C,(z) corresponds to multiples of kT (and is 
zero otherwise). If the system considered is just a portion 
of a larger system, the section between pseudo-samplers is 
solved for an impulse input as 

e(nT) = Ke7 ver 

impulse 

= Ke- n—qtk—-k)aT 
Ke k-q)aT en kj)al 


=e) (x) 


where, on sampling at a rate of KT, Eq (102) becomes 


1 
Ke k-q)aT (.— 5 =) 


k-4 

Ok 
T’ =kT (105) 
2’ = 2 (106) 


(100) 


(101) 


C\(z) = Keo &-oat (. (102) 


impulse 


C2) (103) 


impulse 


On letting 


(104) 


the actual output, C,(z’), is 


Cz’) = € z (42 2 7) 


The result given in Eq (107) is closely related to the modi- 
fied z transform and tables of this transform aid in simpli- 
fying such derivations. However, for most problems, the 
type of derivation just given is no great effort and requires 
only the basic z transforms as a background. 

If gq = nk + q’, dg <k, the delay is broken up as 
follows: 


(107) 


‘ 
oa = 2—nk 5-9! 


(108) 


and only the q’ part is used in the above example. The z-" 
factor is just carried along as a real sample integral delay. 
In this case, Eq (102) would become 


; AS z 1 
C\(z) = Ke-*-@’at (. a +) (xan) 


and the rest of the solution follows directly. 


(109) 


Multi-Rate Systems 


Analysis of synchronized multi-rate systems follows di- 
rectly from the preceding discussion. Pseudo-sampling pro- 
vides each switch with a signal at the correct sampling 
instant. By the proper choice of the pseudo-period T, at 
least for a solution by long division, the possibility of large 
exponents for z offers no great difficulty. In such cases, 
mechanized solutions are naturally to be preferred. 

In finding the solution to a system such as shown in 
Fig. 45, the signal is followed through the system from 
input to output. Cascaded samplers are replaced by a single 
sampler equivalent to the multiple combination. Figure 46 
is an equivalent circuit up to the input to the second block 
of Fig. 45. Following the pseudo-sampling technique, we 


GQ) € = i). a =) 
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and, from Eq (89), 


sas fl —evmtiar K " sh 
o(nT) = K C3) = 7 at) — e ale Tr) (11) 


When c,(nT) passes through the following switch, 


vacant oe K z e 2aT 76 
in = (5— Sa go - se) 


Referring back to our previous work, we see we can write 
C,,(z), Fig. 47, as 


C;(z) (- ) (= = 1 - ~~ = ) E 


This solution contains the required C,(z*) as every third 
sample, and is most readily solved by division. If the form 
C,(z°) is required, direct application of the techniques de- 
scribed under delay will give 


Ke#? \( 2 ears 
cee) = (GAS) (5 - SS) Ge OD 


(112) 


a eD 


Closed-Loop Analysis 


The closed-loop sampled-data system has been considered 
briefly under “Frequency Response.” When the information 
contained in that section is combined with the open-loop 
z-transform operations given above, it is evident that 
z-transform expressions for cascaded, sampler-separated 
blocks appear as products whereas continuously connected 
blocks must be combined as a single block between sam- 
plers. Table VI gives some typical feedback systems with 
various types of sampling and their respective output ex- 
pressions. A careful study of this table should be sufficient 
instruction to allow the reader to derive the output ex- 
pression for any sampled feedback system by following 
techniques analogous to those used in continuous systems 
analysis, taking care to note the position of samplers within 
the system. 

The response of a sampled-data feedback system, from a 
practical point of view, must be well-behaved at all times. 
Investigation of the denominator of the output expression 
C(z), the characteristic equation, gives data concerning 
sampling instant stability only and ignores between-sample 
response. Although between-sample response appears to 
offer no difficulty [the system is open-loop with the sam- 
pler(s) open-circuit], certain sampled systems might go 
through violent oscillations which are not sensed at sample 
time. It is understood, then, that although the techniques to 
be discussed are concerned with sample-time stability, it 
might be necessary to use pseudo-sampling (or an equiva- 
lent method) to determine whether or not the between- 
sample behavior is such as to fall within reasonable bounds. 


Analysis of Stability 


We have seen previously that the left-half sT plane maps 
into the unit circle in the z plane. The right-half sT plane 
maps external to the unit circle, and the imaginary sT axis 
maps into the unit circle. The negative real z axis corre- 
sponds to odd multiples of +jz in the sT plane, and the 
positive real axis corresponds to even multiples of +jr. 

In the z plane, it is evident that stability considerations 
are concerned with whether or not poles lie in the region 
exterior to the unit circle, that adequate sampling requires 
that BT < = for all poles (best determined in sT plane), 
and that transient response improves as the poles move to- 
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Fig. 45—Simple synchronized multi-rate system. 


27 T 
4 


R (z2) 


C (2) 


Fig. 46—Equivalent circuit of first half of Fig. 45. 


C279) 
O 


Fig. 47—Equivalent circuit of last half of Fig. 45. 


with z Transforms 


ward the z-plane origin. It is also apparent that analytical 
and graphical z-transform techniques can be exact since 
each z-pole pair represents the infinite series in the sT plane 
and no approximation to this series is required. 


Table VI — Basic Sampled-Data System 
Output Transforms} 


G(s) R*/(s) Gl2)R(2) 


G(s/JR%s/ Gi2/R(z) 


+HG*/s) 1+HG(z) 





G)R(2) 


G*(s/R* (s) 
I+H(2/G6 (2) 


+H*/5/G*(s) 


RG (2) 
1+HG (2) 


” 
G(s)\R(s/- ===> 
1+ H6*%G) 


Gols/RG,*(s) G2(2/RG, (2) 


I+HG,Go (2) 





|+HG, Go* (5) 


t Reference (5). 








Z plane 
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0.7 /-142 
0.518 /-160 
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90 1/90 41/135 1.01/97 
130 1/130 80/155 07/135 
18O 1/180 2.00/-180 0/-180 


Fig. 48—G(z) pole-zero plot with points used for Fig. 49 
indicated. Typical vector construction is shown for oT = 60 
deg. See Eqs (115) and (116). 


Analytic tests for stability in the z plane allow one to 
determine the region in which the roots of the character- 
istic equation of a system lie. The tests are primarily useful 
as a check since it is difficult to determine how a system 
might be altered to improve performance from such tests. 
The analytic tests are discussed in References (2), (4) and 
(5) and are similar to the treatment given under “Fre- 
quency Response.” 


G (z) plane 
From 
symmetry ™ 








Fig. 49—Exact Nyquist diagram for system of Fig. 21 plotted 
from values in Fig. 48. 
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Z Transforms and the Nyquist Diagram. Consider the 
system of Fig. 21. For z-transform studies, the form of the 
characteristic equation can be obtained from Tables V and 
VI ast 


(115) 


In a manner analogous to that of continuous systems, the 
Nyquist approach can be used to test Eq (115) for zero 
encirclements. It is ordinarily somewhat simpler, however, 
to check G(z) for —1 encirclements, which amounts to 
essentially the same thing. This approach will be followed 
here. 

To aid in the calculation of G(z) for testing —1 encircle- 
ments, the poles and zeros are plotted in the z plane. Mov- 
ing from —jo to +jo on the jw or jwT axes in the s and 
sT plane, Nyquist studies correspond to multiple passes 
over the unit circle in the z plane; thus, because of the 
repetitive nature of repeated traversals, a movement of 
wT through 180 deg (and considerations of z-plane sym- 
metry) in the z plane is sufficient to define the locus of 
G(z) in the G(z) plane. 

Figure 48 demonstrates how a point-by-point graphical 
calculation of G(z) can be made. For the condition T = 
2.3, the three vectors given for the point 1 /60°, 


0.9K 1 /60° 
G@) = 77120° 0.96 66° 


0.9 (1.04) K /—126° (116) 


After a sufficient number of such points are plotted on the 
G(z) plane, a curve is drawn through them and the number 
of encirclements of —1 are noted. For an open-loop G(z), 
stability requires that no net encirclements of the —1 point 
occur. Figure 49 indicates that, for K — 1.11, the system 
under consideration is stable. In the more general case, the 
G(z) locus will encircle the (—1,0) point a number of 
times determined by 

N=Q-P (117) 
where 


N = number of encirclements 
O = number of zeros outside the unit circle 
P = number of poles outside the unit circle 
Referring back to Eq (38), it is now possible to compare 
this approximate value of K,,,, with the exact value as 
determined from Eq (115). 
Kz (1 — e-") 
(z-—1)@ — e*) 
K(l1-—e7). 
2(1+e7) 


GO) ro = 


(118) 


» ,~a +7) 
a . 

The approximate and exact values for K at a number of 

values of T are given in Table VII. For T = z the error in 

the approximate value is about 50 per cent and increases 

rapidly as the sampling period is increased. For small values 


of T the error is still appreciable, since 
T? +7? 4.94 
— (120) 


lim T— 0 


(119) 


J Bid 
=e) FT (121) 
lim T+ 0 


kT? kT 
+ By expanding - —_—— to —— — ——, then transforming term 
sT(sT + T) sT sT+T 
by term and reducing. [By the substitution of z= e*7™, Eq (115) becomes Eq 
(39) .] 
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Table ViIl—Comparison of 
Equations (38) and (119) 
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Fig. 50—Bode plot for system of Fig. 21 using data from 
Fig. 48. 


Gain and Phase (Bode) Diagrams. In the plotting of 
ordinary Bode diagrams, symmetry requires only one half 
of the frequency and phase plots. Thus, the response is 
plotted for positive values of jw only. From the preceding 
discussions of sampled systems in the s plane, it is apparent 
that such systems would have repeating Bode plots as jo — 
«, Similarly, in the sT plane, the region 0 = joT <= jr is 
sufficient to define the complete Bode response character- 
istic for all values of w7. In transferring to the z plane, the 
locus which is traversed in determining the open-loop 
z-transform response is the unit circle from 0 = oT = g, 
just as in the case of the Nyquist plot. 

The open-loop response is plotted in decibels magnitude 
vs wT from 0 to a, and the open-loop phase function is 
plotted on a linear scale against the same w7. Phase and 
gain margins are then determined in the typical fashion 
for continuous systems. The plots for the same case as con- 
sidered under the preceding Nyquist discussion are shown 
in Fig. 50. In this case, a logarithmic scale was not used 
for wT. The points plotted are given in Fig. 48. In using 
the Bode diagrams for compensation studies, it must be 
kept in mind that the original gain and phase graphs and 
the compensation can only add on a direct basis if the 
sampling is so arranged as to provide the overall effect of 
a product of z transforms between the compensator and 
the original system. The use of non-sampled compensation 
leads to much more complicated compensation studies in 
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the Bode plots. In such cases, more complex transforma- 
tions are helpful, and these can be found in References 
(2) and (4). 


Root-Locus in the z Plane. Root-locus construction tech- 
niques for sampled-data systems in the z plane are mechan- 
ically equivalent to those for continuous systems in the 
s plane and will not be described here. The problem is to 
determine the loci of roots of equations of the form 


1 + KG(z) = 0 (122) 


KG(z) = 1 /a = n2 (123) 
Root-locus analysis ordinarily proceeds by determining the 
root loci for the 180-deg phase condition for all values of 
the gain, K. The specific value of K which places the roots 
on the line separating the stable and unstable regions is 
determined and this value must not be exceeded if the 
system is to remain stable. In addition, the proximity of the 
roots to the boundary line is a measure of the transient 
decay characteristics of the system. All this is true for the 
z-plane case as well. 

As we have seen in the z plane, the unit circle describes 
the borders between the stable and unstable regions. The 
maximum gain with stability is found to be the gain cor- 
responding to the first loci crossing of the unit circle. As 
pointed out before, reference to the sT plane will help 
clarify points of confusion concerning the z-plane root- 
locus and the transfer of the loci between the z and sT 
planes is relatively simple. 

The root-locus of the system of Fig. 21 and Eq (115) 
is shown in Fig. 51. The s7-plane locus was given pre- 
viously in Fig. 23.t For a specified transient response for 
individual poles, the poles would be kept inside the circle 
e—T in the z plane, where «7 determines the normalized 
damping time. In other words, we are interested in the 
amount of damping per sampling period in sampled-data 
systems when the between-sample response can be ignored. 


Other Techniques. The other techniques for analysis of 
stability in continuous systems are also applicable to the 
z-transform expressions for closed-loop systems, and most 
will follow directly once the techniques presented above 
are well understood. 

Synthesis techniques, compensation, etc. also follow the 
methods of continuous systems very closely. These are 
beyond the scope of this discussion, however. 


tIn comparing Figs. 51 and 23: the horizontal line segments directly 
connecting the poles of the s7 plane correspond to the segment on the posi- 
tive real z axis; the vertical part of the s7-plane locus corresponds to the 
z-plane circle; and the infinite horizontal lines in the s plane lie on the 
negative real z axis 


Fig. 51—Root-locus plot in z plane of system of Fig. 21 
(compare with Fig. 23). 
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Conclusion 


A great deal has been left out of this discussion of It is hoped that the presentation here will help to develop 
sampled-data theory. Although the literature is plentiful an intuitive feel for sampled-data systems on the part of 
{excellent bibliographies are included in References (/), the reader and thus aid his future studies in this new servo 
(2) and (4)], the reader is forewarned that the advanced field. The recent appearance of two textbooks on sampled- 
mathematical nature of many of the articles can make the data systems [References (2) and (4)] should promote 
road to knowledge in this field a rather rough one to travel. further advances at a rapid rate. 000 


Symbols and Definitions 


@ Time Notation e@ Miscellaneous Notation 
time variable for continuous functions of time real numbers 
sampling period a constant, gain 
normalized time variable for a sampled function ; integers 
(an integer) 2 Fourier series coefficient for term k 
variable for a sampled function (the function is base of natural log 
not defined when t = nT) y a complex number in general 
a value of t immediately before sampling width of pulse in pulse-transform 
normalized time variable (also t/T) a complex number in general 
a time immediately after t — 0 
a continuous time variable, time advance factor 
modified z-transform time-delay factor 
modified z-transform factor; m — 1 — A 
an integer defining the real sampling period as Description Time Frequency 
some multiple of a pseudo-sampling period —————_—_——_——— - 
General function fi) Fi 
Input function r( R¢ 
Error function e| Ei 
Output function cl Ci 
Block transfer function gi Gi 
normalized frequency variable for a sampled func- Festbeck or hold wares) Conation mt a 
tiem, m am integer Impulse modulation train ; if 
sampling frequency Impulse function; 6(0) = 1, otherwise 0 4( 
W angular sampling frequency (27F) { sampled function not apparent from the 
(BW) signal bandwidth before sampling variable used is indicated by asterisk f* | 
fm highest modulation frequency component Transform of continuously connected 
sT normalized Laplace-transform variable blocks 
wT normalized Fourier-transform variable Transform of sampler separated blocks 
z z-transform variable (-— e*”') Subscript identifying p transform fp 


e Functions 


Frequency Notation 
frequency variable of transformed functions 
angular frequency variable of transformed func- 
tions 
Laplace transform variable 
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Magnetic trigger units for establishing firing angles of silicon-controlled 
rectifiers (SCR). Left and center units are full- and half-wave triggers, 
respectively, for 60 to 400 cycles; the unit to the right is designed for 400 


cycles only, half-wave. 


Static Current and 


Voltage Control Systems 


Reliability and compactness are general 
inherent advantages of static control sys- 
tems. An ever-broadening range of suc- 
cessful use of static control has resulted 
from both the continuing development 
of new devices and the refinement in de- 
sign and analytical application of well- 
known and versatile principles such as 
that of inductive components employing 
square-loop cores. Regulation of current 
and voltage are primary control func- 
tions; new systems for their regulation 
readily demonstrate the possibilities of 
developments in static control circuit 


design. 
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Generator Current Regulator 


IN AN ALL-STATIC-CURRENT REGULATOR developed to con- 
trol the field of a d-c exciter-generator combination, the 
desired regulation band is achieved without the need for 
complex stabilizing networks by the incorporation of a 
high ratio of gain to time constant. Representing gain by 
k and time constant by 7, the ratio k/T is commonly 
referred to as the “figure of merit.” In a current regula- 
tor, high gain is obtained by the use of low inverse-cur- 
rent silicon rectifiers in the saturating arms of a magnetic 
amplifier, which employs square-hysteresis-loop cores re- 
quiring low coercive force for control. The system refer- 
ence is built in by the use of a stable Zener regulating 
diode, and complete isolation is maintained between the 
d-c bus and the signal circuit. The detector employed for 
measuring current changes is a “transductor” consisting 
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of saturable transformers so designed and applied as to 
minimize both control time lag and sensitivity to ambient 
temperature changes. 

The controlled quantity is d-c generator current, meas- 
ured by a shunt. When large currents are involved the 
losses and bulk of a shunt can be eliminated by measuring 
across two points on the bus. The voltage drop across 
the measuring points or shunt is proportional to the 
current, which divides and flows in two paths. One is the 
shunt, the other is the transductor input winding, Fig. 1. 

In the parallel circuit, 


R, 

R,+R, 
l=1,4+ 1, 
I,/1, = R./R, = a constant (2) 

Equation (2) shows that if it is desired to maintain 
the calibration of the shunt to within a small error, the 
resistance of the transductor input winding should be 
much higher than that of the shunt. If the only use for the 
shunt is to provide a signal to the transductor, the 
absolute calibration of the shunt is unimportant as long 
as the relationship of Eq (2) is maintained under vary- 
ing environmental, load and input conditions. 

The system circuit is shown in Fig. 2. The current /; 
flowing in the input winding of the current-measuring 
transductor causes the output current /,, of the full-wave 
bridge rectifier CR, to vary in direct proportion to /;. 
Current /,, flowing through the resistor detecting and 


I,=I1 (1) 


Current adj 
potentiometer ! 


Shunt 


Rs 


Ry 
Transduc tor 


Fig. 1—Parallel circuit for generator current measurement. 


dividing network causes a voltage drop across the net- 
work. The midpoint “A” of the potentiometer P, is con- 
nected through the Zener diode, resistor and filter network 
to the control winding of the magnetic amplifier. The 
magnetic-amplifier control winding is connected to the 
detecting network in such a way that any increase in 
current will reduce the saturation and retard the firing 
angle of the gate winding, thus reducing the output of 
the amplifier. 





© 115volts + 10% 
5 60 + 10% 





Exciter 
field 


Generator 
field 





Fig. 2—Generator current regulator circuit. 
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Comparison 
circuit 


Magnetic 
omplifier 
k3Gy 


Transductor 
ha 


Fig. 3—Operation sequence in current-regulation system. 


The magnetic amplifier is connected to the exciter 
field, the output of the amplifier to the field designated 
I; The exciter output voltage is proportional to this 
current. If the exciter is operated in the region where the 
saturation characteristic is linear, direct proportionality 
exists: 

Vez = holy (3) 
where 


V; = exciter field voltage 


Ammeter 


120 volts 
60% 


Milliammeter 


Ampere turns 
Im Ne gate 


-800 -600 -400 -200 0 200 


Ampere -turns control, /, Mp 
Fig. 4—Transfer curve of transductor without feedback. 
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= exciter armature voltage 
= exciter gain constant at constant speed, volts per field 
amp 
The exciter armature voltage is impressed across the 
field of the main generator. The power-generator voltage 
is proportional to its field current. The current supplied 
to the load is controlled by the generator voltage and is 
therefore under the control of the magnetic amplifier 
through the exciter regulation. The block diagram, Fig. 3, 
indicates the sequence of operation of the system. 
An increase in load current /; is instantaneously 
transmitted and converted by the transductor to current 


) 
In = kel (4) 
where 


k, = transductor current gain, virtually proportional to N;,/N, 
N, = transductor input turns 
N. = transductor output turns 


The current /,, is converted into a voltage across the 
network. This voltage is compared to the reference 
quantity set by the potentiometer and the Zener diode. 
The difference current /, reduces the output of the mag- 
netic amplifier. In the complex variable domain, the 
transfer function of the magnetic amplifier is* 


Vy _Vy__sik 
in) 6G (C+ te 


(5) 
where 

p = Laplace operator 

T; = amplifier time constant, proportional to n.2/R 

ks; = magnetic-amplifier gain constant 

ne = magnetic-amplifier control turns 

R = total resistance in the magnetic amplifier control circuit 


The incorporation of the Zener diode and the use of 
its spill-over characteristic permit a relatively small num- 
ber of control turns in the magnetic amplifier. The 
quantity n,2/R and the time constant are both small. 

With increasing difference current /,, the magnetic 
amplifier will reduce the exciter field voltage V; and 
therefore the exciter field current /;. 
dl, 


Vy, = Ry + Ly, 


(6) 


Ves koly 
The transfer functions of both the exciter and the 
generator can be transformed. For the exciter 
, ba / 
Ves _ _hel Ry = kiGe (7a) 
Vy 1 + Typ 
where 
T; = exciter time constant = L;/Ry; 
l 


Ge ” = 7 
1 + Tsp 


For the generator 


Ve ki /Ryg 


Vic 1 + Lep/Rre 
where 
Ry, = resistance in generator field 


L, = inductance in generator field 
T, = generator field time constant 


If the load circuit includes inductance, a delay will 


* Magnetic Amplifiers, H. F. Storm, Chapter 14, John Wiley & Sons, Inc., New 
York (1955). 
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Current adj 


1IS5v0-c+ 10% in 


be introduced, depending on the load resistance and 
inductance. 


d/l 
Va =1iRi+ Li — 


(8) 
where 

Rr, = resistive portion of load 

Ly = inductive portion of load 

V4 = generator armature voltage 

Equations (6), (7) and (8) state that the reduction 
of exciter field current will cause a reduction of load 
current. The control loop operates to restore the cur- 
rent to the preset value. The opposite action takes place 
if the load current decreases. Transductor current /,, 
then will also decrease, causing the error control current 
/. to drop, increasing the magnetic amplifier voltage. 
The rising field currents restore the load current to the 
preset level. 

The Current Transductor. The transductor consists 
of a pair of dual-winding saturable transformers. The 
input d-c windings are connected in series opposing; the 


A-C 
+ 


R D-C Output 


Silicon 
rectifier 


Fig. 6—Complete d-c transformer circuit, current regulator. 


output a-c windings are series aiding. This results in the 
cancellation of the fundamental of the a-c output voltage 
in the d-c winding. The output of the transductor is pro- 
portional to the d-c input. The use of square-loop core 
material produces a transfer characteristic that is linear 
over a wide range of input-signal voltage, as indicated in 
Fig. 4. 

A full-wave bridge silicon rectifier is in series with 
the transductor a-c output, Fig. 5. The rectifier output 
is to the current adjusting potentiometer, which has a 
range selected to give a resolution of one per cent or 
better. Minimum current setting is determined by R, 
and maximum by R. 

The transductor input is obtained from a shunt carry- 
ing the generator output current. Current shunts have 
small temperature coefficients, and it is imperative that 
a uniform division of a current between the shunt and the 
transductor d-c winding be maintained at all ambient 
and operating temperatures encountered in the regulator 
application. To accomplish this, the transductor d-c 
windings are of manganin wire, the material used in 
current-measuring instrument shunts. The copper leads 
connecting the input to the bus introduce a negligible 
effect. The d-c transformer circuit used in the current 
regulator, including the transductor, is shown in Fig. 6. 

The linearity of the transductor transfer characteristic 
remains unchanged even though the load resistance may 
change appreciably. Output current is directly propor- 
tional to the detected and controlled bus current and is 
virtually independent of control-circuit resistance. By 
selecting the range-limiting resistors, the potentiometer 
and Zener diode resistance combinations to have low 
temperature coefficients, the controlled d-c is made pro- 
portional to a stable d-c voltage which is used to actuate 
the magnetic amplifier. Although the final stage includes 
a copper winding, its effect is made negligible by making 
the control winding a low resistance and swamping it 
with a series resistor having a low temperature coefficient. 

In a transductor of the form used in the regulator, or 
in general in a saturable reactor, if the saturated mag- 
netomotive force is much larger than the unsaturated 
MMF, then: 

Nele = Nil; (9) 

This relationship is valid regardless of the degree of 
freedom of the second harmonic current circuits. A re- 
quirement, though, is that the output circuit be largely 
resistive. The independence of second harmonic effects 
allows the use of more than one control winding in the 
transductor for feedback, bias or other control function. 
An output-input characteristic for a transductor with 
feedback is shown in Fig. 7. 

The transfer curve for the current regulator magnetic 
amplifier is shown in Fig. 8. Full output is obtained with- 
out a bias because of the use of silicon rectifiers which 
have a very low reverse leakage current and the use of 
square-loop core materials having low permeability 
when saturated. The control current is not required to 
swing far from null to make the amplifier operate in the 
linear region, because of the high gain derived from 
using narrow-loop core materials such as Deltamax and 
Orthonol. Since the amplifier requires no bias, the num- 
ber of components is reduced and reliability enhanced; 
effects on the amplifier of varying a-c input currents and 
frequency are much reduced by the absence of a bias 
requirement. 
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A Magnetic Trigger for 
Silicon-Controlled Rectifiers 


The circuit shown in Fig. 9 is designed as a compact 
assembly that may be engineered into a variety of control 
circuits for various functions, such as voltage control of 
line or of generators either a-c or d-c, power supplies, 
servo amplification, position and speed control and static 
switching. Both full- and half-wave forms of the circuit 
have been developed and are available. 

The reset method of control of self-saturating magnetic 
amplifiers offers fast response and flexibility in choice 
of control signal, since either a-c or d-c may be used to 
control the reactor. By using a reset-controlled saturable 
reactor to control the firing of a rectifier such as the 
General Electric Type C35B or others of similar charac- 
teristics, a high power and gain, fast-response and com- 
pact unit is obtained, and one having control characteris- 
tics that are largely independent of input line and 


Ammeter 


120 volts 
60%, 


Milliammeter 500 ohms 


350 Ampere-turns 
gate 


Im Ne= Ly Not Ip Mp 


-100 -80 -60 -40 -20 
Ampere-turns control, l Ny 


Fig. 7—Transfer curve of transductor with feedback. 
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frequency variations. The reactor output presents a steep 
wave front to the gate circuit of the controlled rectifier. 
allowing precise determination of the firing angle. Wide 
control range and high power amplification are inherent. 
and complete isolation is maintained between signal and 
power circuits. 

The Firing Reactor. The basic firing reactor 
circuit, shown in Fig. 9 for half-wave operation, consists 
of a small isolation step-down transformer supplying 
both the control reset winding “A” and the gate-supply 
winding “B” of the reactor L,, two small silicon rectifiers 
and resistors R,, and R,. Resistor R,, acts as a path for 
the small magnetizing current and insures against un- 
desirable firing of the controlled rectifier. Resistor R, 
modifies the reactor so as to have essentially current 
source characteristics. An important feature of this reset 
circuit is that no change of magnetization occurs during 
conduction of the output winding. A drawback of MMF- 
controlled magnetic amplifiers is their slow response to 
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Fig. 8—Magnetic-amplifier transfer curve. 
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Fig. 9—Firing reactor circuit, half-wave magnetic trigger. 


control signals, since the inductance of the control 
winding causes a delay of the control MMF buildup. In 
the reset amplifier, since control is by the signal voltage, 
the control source is not actually engaged in the mag- 
netization of the transformer core. Operating power is 
derived from the supply transformer T, while the signal 
voltage acts as a reference. The control current of winding 


Fig. 10—Oscillogram of 
output of magnetic reset 
circuit as it appears 
across the gate circuit of 
the controlled rectifier, 
Fig. 9. Firing angle is 110 
deg. Peak gate signal 
voltage is 4 volts, which 
is within a safe margin 
of the maximum of 106 
volts allowed in the recti- 
fier specifications. 


Fig. 11 — Oscillogram 
of the controlled rec- 
tifier, full-wave a-c 
output into a_ resist- 
ance load. Response 
is instantaneous. 


A is dependent solely on the properties of the magnetic 
core and rectifier leakage. If very narrow-loop magnetic 
cores are used, high power gains are possible with no 
loss of response. 

During the first half cycle, terminal 3 of T, is positive 
and winding B is biased for conduction. Terminal 5 is 
also positive, but the rectifier associated with winding A 
is reverse biased and no current can flow in winding A 
due to transformer T, voltage. During the second or 
negative half cycle, terminal 4 of T, becomes positive 
and no load current can flow. Terminal 6 of T, becomes 
positive and control current will flow in an amount de- 
pendent on the control impedance or voltage. 

An important relation is: 

e./e, = na/np = R 
where 

na = control turns 

ng = gate turns 

Consideration of minimum control resistance may 
require that e. be higher than Re,, but this will only 
increase the back bias on the control circuit rectifier 
without affecting response. 

The output current of the circuit of Fig. 9 is a half- 
wave rectified sine wave, Fig. 10. No current flows during 
the negative half cycle, which is important when operat- 
ing with controlled rectifiers. Positive voltage on the gate 
circuit of a controlled rectifier during the negative half 
cycle of rectifier supply causes increased and unnecessary 
losses which may eventually lead to the controlled recti- 
fier’s running away, while negative voltage may damage 
the gate circuit. Figure 11 shows the resultant full-wave 
a-c load current controlled by the signals supplied by two 
units, each having an output as indicated in Fig. 10. 

During non-conduction: 

positive half cycle e; = ex 
negative half cycle e. = Re, 
Re, — ec. = e4 = Reg 

During conduction: 

positive half cycle e, = I¢Re 
Thus, before saturation {e,| = |eg| in magnitude and 
| 
je = 'e,': during saturation the reactor voltage 
ez = 0. 
The firing angle is 6, using subscript n for half cycles. 
2\e,| 
Te, | 

The firing angle is dependent on the control voltage of 
the preceding half cycle. The time for full response is 
one cycle in a half-wave circuit and one-half cycle in a 
full-wave circuit. Output magnitude will be independent 


- ] 


cos 6» 


of supply voltage. 

The control signal is integrated during the non-firing 
half eyele. A duration of one-half cycle is enough to allow 
the core to distinguish between command and _ noise, 
making the signal-to-noise ratio very high. Shielding is 
simplified: each application does not require the design 
of special and unique shielding. Line transients created 
by prime mover and generator faults or by switching 
loads, commutator noise and similar noise-producing 
effects are rendered insignificant. 

Figure 12 shows a transfer curve for the half-wave 
reset reactor unit. The curve shows average output current 
against average control-circuit current and control-circuit 
ampere turns. The output current in per cent is the gate 
current of the controlled rectifier. The control current, 
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Fig. 12—Firing reactor characteristic, half-wave reset unit. Fig. 13 
angle. 


in ma d-c, is the magnetizing current required to reset the 
reactor for different values of output. The maximum 
current may be computed as follows: 


_ 1.20.4 
H, = i 

0.81 
‘ = 


I. 


where 

H. 

| = mean magnetic core length, cm 

na = number of turns in the control winding 

J. = control current, amp 

Allowance is made for deviation of the material from 
a square-loop magnetic characteristic, and for the widen- 
ing of the hysteresis loop due to the cyclic variation of 
the input and control voltages. 

The control characteristic of Fig. 12 is shifted nega- 
tively on the control-current axis by approximately 0.45 
ampere-turns by the fact that there is some finite control 
current flowing during the core saturation interval. The 
shift is affected also by the rectifier inverse leakage. The 


coercive force of the core material, oersteds 


rectifiers in the gate circuit are subjected to very low Fig. 14 
inverse voltages as compared with their peak inverse 
voltage rating and can be assumed to have zero .reverse 


currents: their contribution to the shift of the character- 


NOVEMBER 1959 


Firing angle, deg 
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Control current, ma d-c 


Relation of single reactor control current to firing 
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—e Line |15 volts a-c 
—-—Line 95 volts a-c 
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Control current, ma 


L 
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Average characteristics of controlled rectifiers with 


magnetic reset, 60-cycle operation, choke input and 12-ohm 
resistive load. 





istic is negligible. When there is any shift due to leakage 
in these rectifiers, it is in the positive direction and has 
the nature of negative feedback. 

On the other hand, it should be noted that when the 
core saturates early in the cycle, full inverse voltage is 
impressed on the rectifier in the control circuit. Some 
finite current will therefore flow through the negatively 
biased rectifier. The polarity sense of the control winding 
is such that this current will cause an aiding magneto- 
motive force to be impressed on the core, causing nega- 
tive shift of the transfer curve. A core feedback factor 
must be known before the absolute value of zero bias 
control current can be computed. 

For the single-core, half-wave unit: 


0.8HI 0.8 X 0.3 XK 9.47 ¥ 
—— = — " —— = (0.125 ma 
la 1820 


I, = 


nal, = 0.23 amp turns 


A negative MMF equal to the shift may be established 
as positive bias. A fixed resistor R, is inserted to create 
a negative bias, and may be used to accept a control 
voltage if desired. The amount of negative bias can be 
set so that an input of changing polarity will produce 
an output duplicating it, if a positive signal or a signal 
of the same phase and polarity as e. will cause low output. 
With no signal the output then will be half of maximum. 
and with a signal opposing e. the output will be full. 

The value of R, may be computed as follows: 


Output current omp. d-c 


sn 


95 105 iS 
Line voltage a-c rms 
Fig. 15—Controlled rectifier with magnetic reset. Variation of 


average output current and voltage with varying input, 60-cycle 
operation, choke input and 12-ohm resistive load. 


0.45 (e2 — er) 
I. 


When eg = rectifier drop (0.7 volt for silicon), e. = 18 


volts rms (nominal) and /, is set for just compensating 
the positive inherent bias, 


R, = 


0.45 jn . 
= a = 0.25 ma (single reactor) 


0.45 X 17.3 X 10° 


R. = a — = 31,000 ohms 


When the trigger unit is used to fire control rectifiers, 
a primary consideration is the relation between firing 
angle and the control quantity. Figure 13 shows control 
current in terms of firing angle. The firing angle of the 
reactor and therefore of the controlled rectifier is inde- 
pendent of the gate circuit impedance. 

Typical operation of complete circuits incorporating 
the magnetic reset unit and controlled rectifier is shown 
by Figs. 14 and 15. The output shown on these curves is 
full wave d-c, unfiltered. Control of the reset circuit is 
by resistor. 

The curves of Fig. 14 are for resistance load. A striking 
similarity of the curves to those typical of magnetic 
amplifiers may be noted, but the silicon-controlled recti- 
fier with magnetic reset exhibits characteristics that are 
superior to those of the magnetic amplifier. 

The quiescent minimum current is zero, since no 
exciting current is needed to induce a counter-emf to 
support the voltage across the rectifier, whereas a mag- 
netic amplifier generally draws a certain amount of excit- 
ing current. The voltage drop is very low and therefore 
the saturation voltage available for maximum load is 
higher than with most magnetic amplifiers using the 
better-oriented steel alloys. 

The figure of merit for the magnetic reset device is 
very high, since the gain is high and the time constant 
is short. Higher gains are easily achieved by reducing the 
load impedance and providing larger cooling fins and 
heat sinks or forced air draft, or by using rectifiers of 
higher voltage rating. Rectifiers of higher rating do not 
increase the gate circuit loading, so that an increase in 
power rating can be achieved with no increase in signal 
power. 

On the linear portion of the nominal voltage curve 
(115 volts), Fig. 14, it is shown that the power available 
is 430 watts d-c. This power is obtained by swinging the 
total control signal over a range of not more than 0.25 
ma d-c. The voltage on each control winding is approxi- 
mately 11 volts rms, so that the signal absorbed by the 
control winding = 11 & 0.25 & 10° & 0.85 = 4.7 milli- 
watts. The response is one-half cycle; time constant T = 
0.5. 

430 & 105 


: 91.5 X 103 
4.7 ; 


Gain = k = 


_ 91.5 X 10° | 


Figure of merit = M = ——s = 183 X 10° per cycle 
0 


Figure 15, relating average output current to line 
voltage, shows a relatively constant output with varying 
line input. At approximately 50 per cent of maximum 
output the regulation is flat. Below the 50 per cent point, 
the output curves have a negative slope, and are positive 
above it; at saturation, the load current follows the line 
voltage, as may be expected. These curves indicate the self- 
compensating properties of the magnetic reset unit. The 
input line is allowed to vary from 85 to 130 volts, exceed- 
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Fig. 16—A-C servo-motor speed control using controlled rectifiers and magnetic reset. 


ing the normal line voltage variation range. The charac- 
teristic of constant average output with varying input 
can be extremely useful when using unregulated power 
supplies, in rotary equipment and other applications, 
without the need for the complexity of closed-loop con- 
trols. The magnetic-reset units can be used on any fre- 
quency between 40 and 500 cycles without modification. 

Voltage Control for Servo Motor. An amplifier 
having a variable voltage output and suitable as an a-c 
servo motor drive can be designed using controlled recti- 
fiers and the magnetic reset control. Such an amplifier 
may have half-wave, full-wave single-phase a-c output or 
three-phase a-c output. A circuit for a full-wave a-c 
servo-motor variable-speed drive is shown in Fig. 16. 

Alternating-current servo motors generally have high 
rotor resistances to shape the torque-speed curves for 
suitability to control applications. A high rotor resistance 
reduces the possibility of single-phasing with zero control 
voltage on the motor and provides increased internal 
motor damping, increasing stability. A typical low-inertia 
a-c servo motor is rated 16 watts output with a synchron- 
ous speed of 1800 rpm. The input watts are divided be- 
tween the control and reference phases. The reference 
phase is kept constant in voltage and shifted in phase 
with a capacitor to obtain the two phases required for 
motor control. Maximum output watts are delivered be- 
tween 1300 and 900 rpm. 

Torque delivered by a servo motor is proportional to 
the voltage applied to the control phase and to the speed; 
stall torque is directly proportional to the control-phase 
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voltage. An amplifier (such as that shown in Fig. 16) hav- 
ing variable output voltage and low output impedance 
is a suitable device for servo-motor control. 

The input impedance of a servo motor is largely induc- 
tive, and it shifts with operating conditions and input 
voltage. The back-emf developed by the motor upon 
rotation is responsible for the major portion of the 
impedance change which makes it inadvisable to try to 
“match” the amplifier impedance to the motor im- 
pedance. 

In the circuit of Fig. 16, transformer T, provides the 
necessary sequence and combinations of voltage required 
for the firing and control of the self-saturating 
reactors L,, and Ly. The controlled rectifiers 
CR,, and CR,, are connected back-to-back to form a full- 
wave, single-phase a-c amplifier. A signal proportional 
to speed is obtained from the d-c tachometer generator. 
This signal is compared with a stable reference signal 
provided by a Zener diode network. The error signal, the 
difference between the tachometer and reference signals, 
drives the transistor preamplifier Q, to control the firing 
angle of the reactors and final control rectifiers. By chang- 
ing the setting of the speed-adjusting potentiometer, the 
operating point of the motor can be varied from stand- 
still to full rated speed. 

The system shown in Fig. 16 is only representative. 
The speed measurement can be accomplished by other 
means such as a-c tachometer generators with resonant 
circuits, pick-up pulsing coils with integrators, or the 
armature voltage of a d-c motor. ooo 


165 





For practical purposes, there are two 
main forms of impeller used in motor- 
driven blowers for appliance and equip- 
ment air circulation, and two basic forms 
of motor drive. Space, weight and cost 
must be considered against engineering 
performance requirements in the selection 
of form of blower and form of drive. The 
factors entering into blower-unit selection 
can be considered in a logical order when 
the various aspects of blower performance 
are understood and derived from theoreti- 


cal principles. 


DAVID R. GILDA 

Air Impeller Division 

THe Torrincton MANUFACTURING COMPANY 
Torrington, Conn. 


THE UNIT BLOWER ASSEMBLY, consisting of one or more 
impellers, housing and motor or pulley-drive components, 
has become a familiar design component in equipment 
as diverse as home furnaces, auto heaters, appliances 
and air conditioners for moving air that is heated, cooled 
or simply circulated. The size, shape and efficiency for 
doing a particular air-moving job vary widely among 
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Motor-Blower 
Selection Factors 


different types and designs of blower unit. Because the 
match between a known air-flow system and the blower 
unit can so much affect the ultimate performance and 
cost of the equipment, the selection of the blower unit 
can be a critical point in equipment design. 

The two basic types of commercial blower unit now 
used are the forward-curved blower, Fig. 1, and the 
mixed-flow blower, Fig. 2. Backward-curved blower 
wheels, which are curved or inclined back from the di- 
rection of rotation, are inherently capable of producing 
more efficient operation than forward-curved blower 
wheels, but for the same performance the backward- 
curved blower is about 40 per cent larger than the 
forward-curved and also, as a consequence, costs more. 
Tube-axial units include propeller fans enclosed axially 
by short duct sections slightly larger than the impeller 
tip diameter.* The duct may have built-in stationary 
guides or flow straighteners, and is then called a vane- 
axial unit. Tube-axial blower units, often used for elec- 
tronic cooling and airborne service, are more efficient 
than forward-curved or mixed-flow blower units at higher 
speeds but are rarely used in commercial equipment 
because they are relatively expensive and noisy. 

A major consideration is whether a blower unit is to 
be driven directly from the motor shaft or through a belt. 
The direct and belt-driven blower units in Fig. 1 include 
forward-curved centrifugal blower wheels whose blades 
project forward in the direction of rotation. This type 
of blower unit has long been accepted as offering the 
equipment manufacturer a combination of high operat- 
ing efficiency and wide design flexibility. Forward-curved 
blower units, as well as those whose wheels have back- 
ward-curved blades, may be driven directly, although 
the engineer does not have the same freedom in design- 
ing for optimum efficiency as with a belt drive. 

While air delivered from the periphery of blower 
wheels flows radially (as in Fig. 3, left), the impellers 
in mixed-flow units involve by definition both radial 


***Propeller Fan Orifice Design,” A. A. Atalla, Evecratcat MAaNnuracturinc, 
December 1956, p 100. 
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Fig. 1 


drive by an external motor. 


The forward-curved blower is one of the two basic blower types in common 
use in commercial equipment and appliances. Blower at left is directly driven by a 
contained motor, whereas blower at right is provided with shaft extension for belt 


Fig. 2—The mixed-flow blower is also 
common in commercial applications. In 
this type, air flow is both radial and axial. 


and axial flow, the latter type of air movement being 
characteristic of propeller fans (as in Fig. 3, right). 
This mixed-flow condition of air movement provides 
several unique operating characteristics which can be 
extremely useful in many systems. The Torrington Radiax 
mixed-flow blower unit in Fig. 2 consists of twin im- 
pellers which are rotated in separate compartments in 
the blower units by a centrally located, symmetrically 
mounted motor. This mixed-flow design is also provided 
in single-impeller units. While the air leaves the im- 
pellers outward at an angle, it is gathered in the scroll 
and projected uniformly out through the twin discharges. 

The mixed-flow principle has been widely applied in 
impellers for liquid-pumping systems, but until recently 
had not been developed practically for moving air. Both 
impeller and housing must be specially designed to 
obtain the operating advantages of mixed flow. The term 
“mixed-flow” has occasionally been applied to deep- 
blade blower wheels with fan-like inducers on the intake 
ends of the blades. This type of impeller, which is not 
designed for use in commercial air-moving equipment, 
retains the fully radial flow pattern characteristics of the 
blower wheel. 

Performance curves. The four sets of curves in 
Fig. 4 give the pressure-flow and horsepower-flow per- 
formance of a representative forward-curved blower unit 
at 600, 700, 800 and 900 rpm. The blower unit in Fig. 4 
may be operated at any speed below its maximum of 
1200 rpm and will exhibit a performance curve similar 
in shape to the four curves shown. 

The pressure, speed, current and power curves in 
Fig. 5 give the major performance characteristics of a 
typical mixed-flow blower unit operating on a 1/6-hp 
shaded-pole motor rated at 1550 rpm. This blower unit 
is a Torrington Radiax design with the outside dimen- 
sions indicated on the drawing below the graph. The 
performance curves in Figs. 4 and 5 cannot be compared 
directly since the mixed-flow unit is operating at a 
higher speed and occupies about half the volume of the 
forward-curved unit. 
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Specific Speed.* There are obvious differences in 
the construction, nature of air flow, and shape of the 
performance curves for the forward-curved and mixed- 
flow blower units. The equipment designer, however, 
needs still more comparative information in order to 
select the best type of blower unit on the basis of what 
it will do in his equipment — how much power it re- 
quires, what size motor, what space it occupies. A sig- 
nificant additional difference between forward-curved 


and mixed-flow blower units is shown in the specific- 
speed curves in Fig. 6. 


Any blower unit running at a given speed to produce a 
known air flow against a known static pressure has a 
single characteristic specific speed. Specific speed (N,) 
is given by the expression 


N 0 
“Bl rpm (1) 


Where / 
and P, 


specific speed may be used to describe conveniently a 
flow system which presents a pressure head P, when a 


= air flow rate 
static pressure in inches of water. Similarly, 


motor speed in rpm, Q 


flow rate Q is produced by a blower unit at N rpm. The 
static efficiency (ratio of air-horsepower output t 
motor-horsepower input) of any type of air impeller 
varies with specific speed in a way that is characteristic 
of that blower-unit design. Static efficiency in per cent 
is given by the equation 
OP, 
= 6 in per cent 

shaft input power to the blower unit. 

It is evident in Fig. 6 that the forward-curved and 
mixed-flow units each have a peak value of static efficiency 


where hp, 


at a single specific speed. The optimum speed is inde- 
pendent of size for blower units of a particular design 
and fixed proportions. If maximum static efficiency is 
*The reader is cautioned to distinguish carefully between fan and blower 


speed, including optimal speed and specific speed. The latter is expressed in 
rpm but is not actual speed. 
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Axial flow 


forms of impeller air-flow. In radial 
(left), air is delivered from the impeller periph- 


the designer’s primary objective, he must for either 
type of blower unit select that speed which will result in 
operation at peak static efficiency for the given values 
of Q and P,. Then, in theory at least, selection of the 
optimum blower unit for a particular air-moving system 
would demand only two logical steps: 

1. Determine the required specific speed of the flow 
system in Eq (1) for the specified P, and Q and 
most desirable speed. 

Select the type of blower unit — forward-curved 
or mixed-flow — which in Fig. 6 is operating at 
the highest static efficiency at the calculated spe- 
cific speed. 
If an even 
blower-unit specific speed can be shifted, perhaps to the 
peak value, by changing the speed. This may be done 


higher static efficiency is wanted, the 


either by changing the motor speed or by using the 
necessary pulley ratio in belt drive. Any change in 
speed, of course, will vary the unit flow and pressure. 
so that a change in size will be necessary if the same 
performance is desired. 

As will be shown, the above procedure cannot be fol- 
lowed rigidly because of the many other factors involved 
in properly selecting a blower unit. As a matter of fact. 
it may well be necessary to specify deliberately a type 
and size of blower unit that happens to operate in- 
efficiently in order to achieve some other design ad- 
vantage, such as improved intake or discharge conditions 
and reduced motor cost and size. 

Factors in Selection, Each of the following factors 
must be considered in making an intelligent selection 
of a blower unit for any appliance or type of air- 
moving equipment: 

1. Performance: What are the desired flow rate (Q) 
and system static pressure (P,) which must be overcome? 
For example, Q, and P,, in Fig. 5 may be the desired 
flow and pressure in the air-moving system represented 
by the dotted System Resistance curve. 

2. Space available: Both the volume occupied by the 
blower unit and motor and the shape or proportion of 
the usable space may be important. It is possible, for 
example, that a blower unit with a larger diameter may 
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be selected because its smaller depth permits easier in- 
stallation in the appliance. 

3. Speed: The optimum speed may be determined by 
(a) value needed for maximum static efficiency, as dis- 
cussed above, (b) the type of equipment (for example, 
a particular speed may be needed for another com- 
ponent of the unit) and (c) use of a standard motor 
in direct drive. The accompanying table gives standard 
motor speeds for the most common types of motors used 
in commercial air-moving equipment. There are a num- 
ber of reasons for selecting a particular type of motor, 
among them cost, convenience and habit. 

1. Adaptability of unit to equipment: Air distribu- 
tion and inlet or discharge area and direction are factors. 

5. Power available: If the power available for running 
the blower unit is critical, the designer’s attention will 
certainly be concentrated on achieving high static efh- 
ciency. 

6. Allowable weight: Usually weight is not important 
for permanently installed equipment, but is clearly a 
vital factor in designing portable appliances. 

7. Noise or sound level: Various inlet and outlet ar- 
rangements, mounting methods and operating speeds 
may produce significant differences in noise or sound 
level in a particular air-moving unit. Noise is often 
particularly difficult to deal with because it cannot be 
properly evaluated until a prototype system is tested. 

8. Cost: As is generally true, more costly components 
may be selected in order to achieve greater economy 
either in the original cost of other components or in 
operating the equipment. Therefore, the designer should 
consider carefully how each component he selects, includ- 
ing the blower unit, affects the cost of materials and 
manufacture for other parts of the equipment. 


Blower Drive. There are two ways in which blower 
units can be driven —either directly at the impeller 
shaft or through a belt drive. The primary advantage 
of belt drive is that the speed of the blower unit can be 
conveniently set at any desired value. By selecting ap- 
propriate pulley sizes, the speed can be adjusted so that 
the blower wheel operates at the highest possible static 
efficiency in a given air-flow system. For example, in 
Fig. 6 the speed of the forward-curved blower unit can 
be adjusted so that N, = 27,500 rpm for the given Q 
and P,. 

The major drawback of a belt-driven unit such as 
that in Fig. 1 — one that must be balanced against the 
desire for optimum static efficiency — is that the belt, 
sheaves and other components not necessary with a direct- 
driven blower unit add to overall cost and occupy more 
space. As discussed above with respect to the limited use 
of backward-curved blower wheels, the tendency in 
equipment design today is therefore to specify direct 
drive wherever possible to minimize cost and size. 

The main design problem with direct-drive blower 
units, affecting both static efficiency and the size of the 
unit, is that the speed cannot be controlled. The de- 
signer must usually select one of the standard motor 
speeds (see table), and his choice of speeds is often 
even narrower because other considerations may dictate 
a particular type of motor (i.e., shaded-pole for low 
cost). When the motor is partly recessed in the blower 
wheel to conserve space, as is frequently done, the 
minimum diameter of the blower wheel is automatically 
set by the motor frame size. In order to conserve power, 
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as well as to reduce the overall size of the equipment, the 
blower wheel is usually specified with a smallest possible 
diameter. As a result, the motor occupies a large part of 
the wheel intake area and partially obstructs the air flow, 
unless specially wound motors are used. In addition, a 
wheel that is large enough to fit over the size of motor 
required is frequently larger than is necessary for the 
system. 

The combination of the wheel diameter limitation im- 
posed by a recessed motor and the higher direct speeds 
means that a direct-driven blower unit that operates 
efficiently in a given flow system, with belt drive will 
operate in the same unit system at an unnecessarily high 
flow rate. In one case, a belt-driven blower wheel with 
a 10°%-in. diam delivers 1250 cfm against a system pres- 
sure of 0.5 in. of water when rotating at 700 rpm. At a 
direct-driven speed of 1050 rpm, on the other hand, the 
flow rate in the same system becomes 1875 cfm. 

Since the excessive air volume is undesirable, the 
designer is faced with two alternatives. He may intro- 
duce a supplementary resistance, such as a baffle plate 
or restriction in the outlet, in order to reduce the air 
volume to the specified level with the same impeller. If 
possible, he may instead specify the smallest size im- 
peller that will clear the motor in order to reduce both 
air flow and power. In this example, the smallest standard 
blower wheel he can select would be 91% in. in diam 
and would deliver 1500 cfm in the same system, still 
more than the 1250 cfm required. Therefore, supple- 
mentary resistance may be added, which reduces efficiency 
but requires far less redesign of other components. In 
either case, the power input becomes higher and static 
efficiency lower than in the original belt-driven unit. 
It should be emphasized that this condition is not caused 
by a fundamental inadequacy of direct-driven forward- 
curved blower wheels, but occurs because the higher 
direct speeds necessitate operation of the impeller at 
specific speeds above its optimum range. 

Mixed-flow blower units are usually specified for 
direct-drive operation when the higher direct-motor speeds 
produce specific speeds nearer the peak static efficiency 
in Fig. 6 for mixed-flow operation. The efficiency curve 
for mixed-flow units in Fig. 6, although having a lower 
peak than that for forward-curved blower units, is highest 
in the range of specific speed where most direct-drive 
commercial air-moving systems are located. Peak static 
efficiency of a mixed-flow unit occurs at a specific speed 
of about 35,000 rpm, as compared to an optimum spe- 
cific speed of about 27,500 rpm for the forward-curved 
blower unit. 


Blower-Unit Applications. Although all the speci- 
fying factors mentioned should be reviewed in selecting 
any blower unit, several factors, such as space occupied 
and cost, are invariably far more important than all 
others in a particular air-moving system. The most critical 
design factors in broad groups of air-moving equipment 
may be considered in order to guide the selection of 
blower units. When a decision has been reached as to 
the type of blower and drive to be used, the impeller 
manufacturer should be consulted for final selection. 

Built-in air-conditioning systems in automobiles and 
trucks often combine cooling and heating. D-C motors 
are usually used, and the current available from the 
automotive electrical system is usually very limited. For 
example, the commonly used series-wound d-c blower 
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Standard Motor Speeds 


A. Shaded-pole and permanent _ split-capacitor 
motors: 


6 pole—950 rpm through 1100 rpm (1050 rpm 
most common) 

4 pole—1350 rpm through 1600 rpm 

2 pole—1500 rpm through 3100 rpm 


_ 
~ 


. Split-phase motors: 
2 pole—3450 rpm 
4 pole—1725 rpm 
6 pole—1140 rpm 
8 pole—850 rpm 


% 


Static pressure , in. of water 


Sig 


Fig. 4—Pressure-flow and horsepower-flow ape 
istics of a typical forward-curved blower unit at vari- 

ous speeds. Blower impeller is 10% in. diam and the 
unit occupies a total space of 2.2 cu ft. toy 


ie 





motors operating between 3000 and 3500 rpm are norm- 
ally alloted from 0.7 to 1.0 amp at 12 volts. The com- 
pound-wound motors used in trucks and buses, operat- 
ing at from 1725 to 2400 rpm, require 30 to 40 amp 
at either the 12- or 27-volt rating. Space occupied is 
extremely important in automotive application. Noise 
level is particularly important in automobiles, of course, 
while weight is not critical in either cars or trucks. 
Hand driers, hair driers, electronic air cleaners and 
other small appliances are virtually always direct-driven, 
and are usually designed to deliver relatively small air 
flow at high velocities, which means a small flow cross- 
section and high static pressures. Sales competition in 
this field naturally makes the cost of the blower unit 
in the appliance critical. Portability in these types of 
appliances emphasizes minimum size of the blower unit. 


Speed 
(rpm) 


Current 


(watts) (amperes) 


Small appliances are frequently operated at extremely 


as 
oo 
oo 
Power 


high speeds in order to achieve the high air velocities 
with small-diameter impellers. For example, brush-type 
universal motors operating at 6000 to 7000 rpm are 
commonly used in hand driers. 

Residential and commercial heating and cooling sys- 
tems which are designed for installation in basement areas 
usually have the blower unit located outside the shell. 
Thus, there is very little need for saving space, so com- 
paratively large blower units (including, perhaps, back- 
ward-curved blower wheels) are run at lower speeds to 
achieve high static efficiencies and reduced sound levels. 

Commercial packaged air-moving systems may be de- 
signed for heating, ventilating or air conditioning and 
often may be combinations such as the common heat- 
“ or-cool package. Unlike the central systems discussed 
dovayars above, the blower unit is usually enclosed in the package. 


Fig. 5—-Performance characteristics of a typical mixed- 
_ flow blower. Total volume of the unit is 1.1 cu ft, la alin hl ; ; : ; 
and the driving motor is shaded-pole, 1/6 hp at 1550 unit for the different air flow rates required for heating 


and cooling. Virtually all packaged systems, except those 
with very small capacities, were originally furnished with 
belt-driven blower units. Although operation of these 
belt-driven systems is extremely efficient, as mentioned 
above, the additional components increase the cost. With 
the present tremendous expansion in housing, particu- 
larly in ranch houses with no basements, there has been 


Combined heating and cooling systems usually include 
motor controls in order to vary the speed of the blower 


a continuing demand for more compact home heating 
and cooling packages. These are installed in closets. 
laundry rooms and other locations that are extremely 
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Fig. 6—Specific-speed curves for forward-curved and mixed flow 7 ‘ 
blower units. 
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cramped for space and frequently exposed to view. Be- 
cause the blower unit and motor must then be housed 
within the package, a shift to direct drive has become 
virtually a necessity. Thus, mixed-flow blower units were 
first applied commercially in packaged systems. 

Remote air conditioners, which may be rated at capaci- 
ties up to two tons and are therefore too large to be in- 
stalled in a window, are usually placed in an attic or 
garage, from which air is distributed throughout the 
house in a duct system. The same type of air distribu- 
tion arrangement is used in most heat pumps. Because 
space is again at a premium and both packaged heat 
pumps and remote units are quite new types of systems, 
the blower units are usually direct-drive to minimize the 
space required. The comparatively large air-flow rate 
that must be delivered from a small shell means that 
double blowers, Fig. 7, are often specified. 

Evaporative coolers handle fairly large air volumes 
(from 2000 to 3000 cfm) at low static pressures. Mounted 
on the roof or in a shed, the system cools the air by 
pulling it through pillow-like packages of a moist filter 
medium. Blower units of one type or another, rather 
than propeller fans, have normally been used with 
evaporative coolers because the rectangular blower dis- 
charge best matches the standard duct configuration in 
coolers. Mixed-flow units are now being widely used in 
evaporative coolers because they provide the same dis- 
charge area into a duct as do belt-driven units, while 
occupying less space, and deliver a greater air volume 
because of the higher impeller speed. The cost reduction 
in eliminating a belt, sheaves, and in most cases using 
a smaller motor, is also significant. 

Special Blower Units. The housings of all standard 
blower units, whether forward-curved or mixed-flow, are 
designed to provide the best possible unit performance 
for the air impellers being used. Appliance manufacturers 
may prefer to purchase a special blower unit whose 
housing is designed to fit unique application requirements. 
The usual reasons for this approach are either to fit a 
particular space configuration or to reduce cost. For 
example, it may be advantageous to shorten the discharge 
so that the blower unit will fit more conveniently into 
the space available. In another case, a blower unit that 
will be installed next to a sheet-metal surface in equip- 
ment may cost less if purchased without the adjacent 
side plate. 
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Special scrolls are often made for air conditioners 
and furnaces internally by the equipment manufacturer, 
so that only the air impeller itself is purchased. The 
designer should always consult the impeller manufac- 
turer’s specialists, however, when considering a special 
housing in order to insure that the blower performance 
is not seriously handicapped by inadequate pressure 
conversion in an improper scroll. 

Complete blower units are usually purchased either 
when the designer would like to avoid any metal fabrica- 
tion on the blower in his plant or, most commonly, when 
the unit cannot be made at as low a cost as it can be pur- 
chased. In addition, the designer may want to provide 
for easy, one-piece removal of the blower units and 
therefore may decide to purchase it as an assembly in 
the first place. 

Vacuum cleaners and dry-cleaning devices are among 
those blower systems which are usually designed from 
the beginning without any standard blower components. 
There may be two or three blower stages in vacuum 
cleaners, each with a special scroll development. Dry- 
cleaning systems, like those used in fume disposal, are 
designed to provide high flow rates against extremely 
high static pressures. 

Quite common in special blower arrangements are the 
double blower wheels in Fig. 7. The dimensions of the 
space available may be such that two smaller wheels 
rotated by the same motor may be more satisfactory in 
both improved air distribution and better use of space 
than a large blower wheel in a single inlet. Depending 
on the locations of the inlets and discharges and on 
the arrangement of associated components, two blower 
units may be located on either side of a double-shafted 
motor (Fig. 7, top), or a wider double-inlet blower unit 
with outboard bearing support (Fig. 7, bottom), may 
be used. Conversely, a double outlet may be provided in 
a single blower unit, as shown in Fig. 8. In an automo- 
bile air-conditioning system, for example, it may thus 
be convenient to split the blower discharge between the 
floor duct system and the window defrosting lines. O O O 





Specification equalization 


input 
selector 
Shaker equalizer 


Armature 
protector 
trigger Velocity 
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Fig. 1—Functional block diagram of a typical vibration testing system. System shown has sine-wave, random-wave, and 


customized complex-wave testing capabilities. Magnetic tape can be used to provide signals with special amplitude-time 
characteristics, 


RANDOM-WAVE 


VIBRATION TESTING 


Designing for operation of equipment in THE USEFI LNESS OF VIBRATION TESTING programs is not 
limited to the final proving out of prototype and pro- 


a vibration environment requires appli- duction equipment. The full benefits of vibration test- 
ing are best realized when the performance of the 
equipment is continuously monitored under operating 
prove reliability of equipment and ability conditions throughout most design and development 


y 4 ie stages. 
to operate satisfactorily within the dy- The fundamental principles of shock and vibration 


cation of extensive testing programs to 


have been recently described and analyzed in a Basic 
Science and Engineering article appearing in ELECTRICAL 
tion and capabilities of random-wave vi- MANUFACTURING.* From this basic analysis of the dy- 
namic environment, it is logical to continue into other 
parameters of shock and vibration design.* 


namic environment. The general opera- 


bration test equipment (as used by two 


facilities) and test parameters are de- a ae, , 
Random-Wave Vibration Equipment 


scribed and illustrated. Random-wave vibration testing is dependent upon the 


development of high-performance equipment with capa- 

bilities of high-fidelity duplication of the vibrational 

environment. This is highly important in random-wave 
JAMES A. ROSS testing because each frequency component must be re- 
Vice President, Research and Development 


LING ELECTRONICS, Inc. 1989 eee Nature of Shock and Vibration,’ Irwin Vigness, June 
59, . 


Culver City, California t See also “‘The Shock Spectrum,”’ Charles T. Morrow, August 1959, p 121. 
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Acc density, g/cps 
Acc density, g/cps 


Frequency, cps Frequency, cps 


Fig. 2—Flow diagram of vibration-testing system showing 
steps in shaping of required power spectral density. White 
noise with finite bandwidth from noise generator is shaped 
to meet specifications. Shaker equalization counters response 
characteristics of electronic and mechanical elements of system. 
The resulting forces retain characteristics specified to duplicate 
vibration environment. 


produced accurately. The exact relationships between 


each of the components must also be maintained. 

Therefore, the equipment must be designed to com- 
pensate for any and all resonances which might in- 
fluence the final value of the force as applied to the 
equipment under test. This equalization of the test equip- 
ment insures that the equipment under test is loaded in 
accordance with the power spectral density curve chosen 
as specification for the tests. 

There are certain limitations to the amplitude of vi- 
brations possible. A Gaussian distribution implies that 
there is some probability that amplitudes of unlimited 
value exist. The standard procedure is to provide the 
system with the capability of furnishing amplitudes 
equal to three times the rms. This factor is defined 
as the crest factor and a value of three is used since, 
statistically, the actual forces would have been below 
three times the rms value 99.7 per cent of the time. 

Since the requirements for random-wave vibration 
testing are far more rigid than those for sine-wave test- 
ing, test equipment developed for random-wave studies 
are quite adequate for sine-wave testing. 

Figure 1 is a functional block diagram of a typical 
vibration-test system incorporating both random-wave 
and sine-wave capabilities. Noise generators, sinusoidal 
signal generators, and magnetic-tape reproduction equip- 
ment can be used as the source of the vibration signals. 
In many instances, the vibrational environment is com- 
posed of sinusoidal forces superimposed on a white- 
noise spectrum. 

To duplicate this condition, an electronic mixer is em- 
ployed to mix the chosen sinusoidal signal with the out- 
put of the noise generator. To insure that the correct 
relationship is maintained between the two signals, a 
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Acc density, 
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servo system using feedback signals from the shaker is 
used to monitor and adjust the amplitude of the sine- 
wave signal. 

The first graphic equalizer and the bandpass filter 
are used to shape the output of the noise generator to the 
power spectral density specified. This first shaping does 
not take into consideration the effects of the shaker or 
other elements of the testing system. 

Development of the graphic equalizers has greatly 
improved control of spectrum shaping and reduced the 
time required in equalizing the system for testing. The 
equalizers provide amplitude control of the spectrum 
between 2 and 8000 cps. Each of the frequency-selective 
attenuators of the equalizer controls the level of a small 
band of frequencies. Adjusting the positions of the at- 
tenuators produces a frequency-response curve similar 
to the physical positions of the attenuators. 

A booster amplifier placed after the specification 





equalization raises the level of the equalized signal to the 
level required for further shaping. 

When the output of the noise generator has been 
equalized to the test specifications, the characteristics 
of the electronic and mechanical portions of the test 
equipment must be compensated for to produce the 
desired amplitude characteristics at the shaker table. 
The compensation not only cancels the effects of elec- 
tronic resonances in the equipment, but it also controls 
the effects of mechanical resonances and loadings in the 
shaker and the test fixture. 

To accomplish this system equalization, a combina- 
tion of graphic equalizers, low-pass filters, and peak- 
and-notch filters are used. Figure 2 shows the steps in 
the equalization process from the output of the noise 
generator to the required power spectral density char- 
acteristics at the shaker. 

The peak-and-notch filters, Fig. 3, provide vibration- 
test engineers with the ability to place peaks and notches 
anywhere in the frequency band from 2 to 5000 eps. 
These peaks and notches may be characterized by Q 
values of zero to 1000, maintaining adjustable heights 
and depths to 40 db, independent of the Q value chosen. 

In addition to compensating the driving signals for 
the characteristics of the system, the equalization equip- 


This article represents practical application 
of principles discussed in the previously 
published Basic Science & Engineering article . . . 


e Shock and Vibration—June 1959 issue. 


Available in reprint form—see page 242. 


Fig. 3—Peak-and-notch filter designed to handle equalization 
problems in vibration-test equipment. Peaks and notches can 
be adjusted with regard to frequency, Q, peak height and 
notch depth. Response curve at left shows wide range of 
operation available. 


ment serves as a safety check. The clipper amplifier 
placed after the gain control, Fig. 1, insures that no 
signals with amplitudes above a safe range for the 
shaker are transmitted to the power amplifier. The power 
amplifier itself is provided with an additional safeguard 
in the form of the armature protector which shorts 
the armature in the event of instantaneous overcurrent 
or overtravel. 

Power requirements necessary to duplicate the vibra- 
tion environments to which current aircraft and missile 
systems are subjected ‘may require 350 kva. Power 
amplifiers of this size, Fig. 4, can provide peak shaker 
forces of 70.000 lb. When size and weight factors of the 
system are prohibitive, portions and individual com- 
ponents of the aircraft or missile are shaken. 

The elements of the vibration-test system heretofore 
described have all been electronic. The shaker, however, 
is electrodynamic. This presents the most serious of the 
system limitations. Electronic signals applied to the 
armature set up magnetic fields about the armature 
coil which react with the magnetic fields about the field 
coils, with the resulting force tending to move the arma- 
ture. The armature is connected to the shaker table so 
that the force applied to the armature is transmitted 
directly to the table. 

The greatest limitation in shaker performance is physi- 
cal; the shaker must ultimately move a mass. Since the 
power required to provide this motion increases both 
with the mass and the frequency of the signal, the 
shaker is the prime limiting factor in vibration-test 
equipment. However, electrodynamic shakers provide 
the most successful means of transposing electronic 
signals into mechanical motion with any degree of fidelity 
and power. In general, rugged accelerometers and ve- 
locity-sensitive devices are used to monitor the motion 
of the article being tested and the shaker table itself. 
These are usually of the crystal variety,* which com- 
bines sensitivity and good frequency response with a 
minimum of weight to influence the test. In addition. 
some instrumentation has been designed to measure dis- 
placement by optical means. 


Vibration Facilities 


Testing at Hughes Aircraft Company, Culver City, 
California, begins at the sub-sub-system level and pro- 


* See “‘Accelerometers and Their Characteristics,”’ p 117, this issue. 
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gresses to the complete system. The vibration test pro- 
gram for the Falcon missile included a series of vibra- 
tion tests on the complete missile. 

The Falcon, a U.S. Air Force air-to-air missile, is 
subject to a variety of vibrational environments. Of 
extreme importance are test procedures for electronic 
components. These start with forces encountered by the 
missile in logistic transportation, include forces develop- 
ed during its captive flight as it is carried by the launch 
aircraft, and the aerodynamic and propulsive forces dur- 
ing the missile’s intercept flight to the target. Figure 5 
shows the entire Falcon missile being vibration tested. 

Extensive use of random-wave vibration tests has led 
tc the development of a new technique for equalizing 


vibration-test systems by the use of white-noise signals 
instead of sinusoidal signals. Equalizing with noise-type 
signals removes any opportunity for errors due to neg- 
lecting the multiple resonances that accompany random- 


Fig. 5 
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Fig. 4—Ling Model PP 175/240 power generator with power 
output of 175 kva can provide peak shaker forces of 70,000 lb. 


wave vibration. The technique requires that the output 
of the system be observed and analyzed while the input 
is shaped to satisfy specifications. Input signals are then 
taped and used to drive the vibration system when the 
specific power spectral density is called for. Wherever 
possible, Hughes tests ‘to the actual power spectral den- 
sity existing in the environment. Where information is 
lacking as to the full nature of the vibrational environ- 
uniform determined to be 
representative of the environment, is used. 

that 
alone cannot solve the entire vibration problem except, 


ment, a power spectrum, 


The opinion is random-wave vibration testing 


(Continued on page 204) 


aa 


Falcon missile with test setup undergoing vibration test at Hughes Aircraft Company, Culver City, California. 





Value Engineering 
As a Factor in Product Design 


More specialists arise to assist (or harass) 
the design engineer. First came the in- 
dustrial designer to add “‘saleability” to 
the product, then the human factors en- 
gineer or psychologist to present the 
user's or operator's viewpoint. Now we 
have the value engineer who acts as a 
design critic, challenging whether essen- 
tial functions of the components of a prod- 
uct are being obtained at minimum total 
manufacturing cost. In this article a value 
engineer seeks the cooperation of the de- 
sign engineer by explaining the V.E.’s 


function and philosophy. 


BERNARD W. EADES 

Manager, Value Engineering 
STROMBERG-CARLSON COMPANY 

A Division of General Dynamics Corporation 


Rochester, N. Y. 


VALUE ENGINEERING is a comparatively new term. Like 
value analysis, which has been with us for over ten 
years, it attempts to analyze cost and function of manu- 
factured parts and products, determine their essential 
functions and assure the achievement of these functions 
for the lowest total cost. The difference between value 
engineering and value analysis is in the timing. Value 
analysis, which has always been associated with purchas- 
ing of component parts, is an “after-the-fact” type of 
approach—a post-mortem effort. Value engineering en- 
deavors to prevent the disease rather than cure it: it 
attempts to prevent high costs from entering into a pro- 
ject. It therefore is primarily a function of design en- 
gineering. 

Both the military and industry have accepted the 
concept of value engineering. Both know from experi- 
ence the tremendous benefits to be derived from such 
efforts, but they are not sure whether the idea is here 


176 


to stay or whether it is just a fad. There are a number 
of reasons for this uncertainty, the first of which is that 
value engineering is not properly understood because 
it is still new and all of the ground rules have not been 
adequately laid out. Secondly, management doesn’t 
know how to cope with it; and finally, the value engi- 
neer himself doesn’t fully understand his job. 

Perhaps the underlying reason why value engineering 
is misunderstood is that too many look upon it as just 
another name for cost reduction and treat it accordingly. 
Value engineering is a supplement to a cost-reduction 
program. It does not eliminate the need for a reduction 
of costs through methods improvement in the shop, data 
processing in the office, effective purchasing, inventory 
controls, etc. It is a design procedure. 

The most concise definition of value engineering is 
that it is a technique which starts with a determination 
of essential function of a part or product and systematic- 
ally develops a means of reliably achieving this function 
for the lowest total cost. Value engineering is unique in 
that it starts by ascertaining first whether the function 
is actually needed rather than applying effort initially 
toward determining the lowest cost design, material or 
manufacturing process for production of the associated 
hardware. Once it is established that the function is es- 
sential. an analysis is performed to determine whether 
the function justifies the cost of the hardware. 

Let us cite an example of this approach. In a recent 
study on a piece of military electronic equipment we 
found a total of eight shock mounts per equipment. 
These shock mounts cost approximately $15 each, or a 
total of $120 per equipment. Of a total of 400 equip- 
ments. 100 were to be used aboard ship, while the re- 
mainder were to be land-based, inside a building. 

What is the function of a shock mount? A_ shock 
mount absorbs and dissipates shock and vibration, a 
very important function aboard ship, especially a mili- 
tary ship, but no function at all for the land-based 
equipments. All that is needed is a mounting base. What 
is a mounting base worth? What is this function worth? 
What shall we make the base of? How shall we make it? 

We could use a standard steel channel form and cut 
it to length, drill, tap and paint it, and it would have to 
have four 14-in. bolts. The cost would be in the range 
of $1 to $3. This range is only an opinion: we have to 
have facts. Quotations from reliable vendors gave a 
figure of $2 as an average price, or a total of $16 per 
equipment compared to the original figure of $120. Over 
$30,000 could be taken from the total cost of the ground 
equipments. 
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Diode clip 


BEFORE 


before: spring-loaded brass terminal clamp 


After: formed beryllium-copper clip 


Cost reduced by 75 per cent by value-engineering steps: simplification of design, proper selection of material, proper appli- 


cation of process, utilization of specialist’s services and products. 


Could we take this saving? The specifications stated 
that the equipments would have to have shock mounts 
and experience had taught that military specifications 
were something sacred. But does the military really feel 
that their specs are untouchable? Our value-engineering 
group contacted the military value-engineering group. 
They thought the idea was excellent and proceeded to 
get the specs changed and added a value-engineering 
clause to the contract. 

The concept of visualizing parts in terms of function 
is one of the major contributions of value engineering, 
as will be seen by examining the several case histories 
accompanying this article. By isolating and analyzing 
function, the mind is freed from the prejudices of habit 
and tradition. One of the earliest advocates of the power 
and primacy of function was Frank Lloyd Wright with 
his classic statement that “form follows function.” 
Wright would look at the massive exterior walls of an 
office building and say. “What is the function of those 
walls? To hold the roof up? No! Their function is to 
exclude rain, snow, wind, etc. from the interior.” Having 
relieved his mind of the conventional concept of walls 
needing compressive strength to hold the building up, 
he could then visualize many ways of performing the 
function—sheets of glass, light aluminum panels, trans- 
lucent plastic. By applying this basic principle of value 
engineering, Frank Lloyd Wright leapfrogged twenty 
years ahead of his time in architectural design. 

One of the first questions any value engineer asks 
himself is what is the function of a particular part in the 
simplest terms: to cool a tube, keep dust out of moving 
parts, prevent corrosion, hold a chassis in place. Sim- 
plicity is the keynote of analysis—just a few words to 
describe the function, not the part. Often there is found 
to be no function whatsoever and the part or machin- 
ing step can be eliminated completely; for instance, a 
washer with chamfered edges should not be specified 
when a flat washer will perform the seating function 
equally as well. 

It should be emphasized strongly that in no way does 
value engineering seek to “‘cheapen” the product. The 
value engineer strives constant!y to eliminate or change 
tolerances, materials, processes, etc. which do not con- 
tribute to the function of the end product. For that 
product to fulfill its function, it must meet industrial or 
military requirements for reliability, maintainability 
and appearance. At all times, the design engineer must 
approve any change as being consistent with the essential 
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quality level. As the name itself implies, the value engi- 
neer exists to help engineer more value, to the cus- 
tomer, into the product line. Any product can be made 
cheaper by lowering standards of performance, but the 
value engineer prides himself on his ability to devise 
ways to manufacture a product with equivalent quality 
at a lower cost. 

There is yet another aspect that must be considered 
in function. General Electric’s L. D. Miles, the father of 
value analysis, uses this example: the “value” of a clock 
is normally estimated at about $5 to $6. Why? Because, 
as we normally believe, “that’s about what it costs.” 
However, the importance of function is brought into 
focus by destroying the clock’s mainspring. Now, its cost 
has not decreased. Actually, additional labor has been 
performed on it. And what is its value? Decreased from 
$5 to 25 cents. Why? The function has changed—it is 
purely decorative. Therefore, all analysis, study, and 
engineering of value find their common denominator in 
the study of function and development of alternate 
means for obtaining function. Function must not be 
limited only to the use because, with many products, 
appearance and_ attractiveness have larger drawing 
power than the use factors, which may be taken for 
granted. Function, then, must be considered as_ those 
qualities of a product which cause it to perform its 
useful work and also cause the customer to want to 
own it. 


Techniques Used by Value Engineers 

The techniques the value engineer employs have been 
assembled from various disciplines to assist in achiev- 
ing better value in the product more efficiently, more 
often, and sooner. Some of the most important of 
these value-engineering techniques are: 

1. Clearly determine the required function. Exactly 
what does the product do; what does each assembly on 
it do; what is the function of each sub-assembly and 
part? 

2. Evaluate by comparison. What does it cost to ac- 
complish each of these functions or subfunctions? By 
what alternate ways might they be accomplished and 
what would the alternates cost? Compare the costs for 
accomplishing somewhat similar functions in many di- 
verse fields and by many diverse means. The “value” of 
the item may then be stated as the lowest cost of reliably 
accomplishing its function. 

3. Use much better creative thinking. This mental 
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Threaded sleeve 


Stainless Steel 


BEFORE 


After: machined from brass 
bar stock 


Before: machined from stain- 
less steel bar stock 


Cost reduced by 45 per cent by simplification of design and 
proper choice of material. 


activity is similar to the case of the fisherman who pro- 
gressively casts from a boat in different directions in 
order to avoid pre-decisions which may be based upon 
faulty information as to the particular direction which 
will net the best fish. These creative studies identify the 
areas where more intense value work will be done. 

4. Blast and then refine. A most useful technique is 


to “blast” the product down to one which will not ac- 
complish the total function but which will be extremely 
simple and have a very low cost; then progressively 
refine this basic product by adding required increments 
of function. This technique often produces designs that 
are more functional, more reliable, much more simple, 
and cost much less. For example, a special stud about 
the length of an eight-penny nail cost 8 cents. It was 


Captive screw 


BEFORE 


Before: special item After: standard item 


Purchased item reduced in cost by 49 per cent by utilization 
of standard part and specialist’s services. 
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mentally blasted down to a rod costing 0.1 cent, but 
which would not accomplish the function of separation. 
What must be added? A hex head near one end, another 
head near the center, and rolled threads on each end. 
The two heads added 0.4 cents; the thread rolling added 
0.3 cents. So the new product which accomplished the 
total function starting with the 0.1 cent rod as a mental 
base now costs 0.8 cents. 

5. Use available functional specialty products and 
specialty facilities. The United States is filled with com- 
panies whose success is built upon accomplishing some 
specialized job extremely well. Usually these companies 
make frequently needed products in large volume on 
highly specialized equipment. By the incorporation of 
such parts into the design of the product, the functions 
they provide are often accomplished at a small fraction 
of the cost which would result from normal design and 
in-plant manufacturing work. For example, a small spe- 
cial brass nut costing 4 cents as a screw machine part 
was used to receive an adjustment screw. By changing 
to a cast nylon nut made on the miniature casting fa- 
cilities of a specialized vendor, the function was accom- 
plished even better at a cost of 0.8 cents. 

6. Get all information from the “best” available source. 
Experience shows that although usually the “best” 
source can be identified, often answers are accepted 
from others. For example, Underwriters’ Laboratories. 
Inc. is the best source on an Underwriters’ problem— 
not an engineer who has dealt with the UL for years. 
A supplier of a specialized material is the best source on 
the modifications to be made to it — not an engineer 
or buyer who has worked with the supplier and been 
in his plant many times. 

7. Watch the human relations angles. Obtaining better 
value is primarily an activity in human relations. Good 
value-engineering work will show up many needed 
changes, some of which should have been made years 
sooner. Such obvious savings are extremely belittling 
and embarrassing to all men. Therefore, the correct 
handling of human relations must have top attention. 

8. Obtain meaningful costs. Such figures are often 
difficult to obtain, but it pays an extra-large benefit 
when the difficulties are overcome and meaningful es- 
timates and costs are provided for essential criteria. 

9. Use an effective value-engineering plan. This will 
include some effective value engineering early in the 
job, improved use by both design and manufacturing 
engineers of better value information and _ techniques 
as they go about their regular work, and suitable prod- 
uct evaluation in connection with existing products. 


Phases of Value Engineering 

Some of the specific steps taken include: simplification 
of design, realistic application of tolerances, proper 
selection of material, proper application of processes. 
utilization of standard parts. These steps and utilization 
of specialists’ services and products, already mentioned, 
are exemplified in the case histories illustrated. 

Listed below are the five phases of the value engineer- 
ing job plan that promote better results whether the 
task at hand is a new development in the conceptual 
stage or the appraisal of an existing product. The design 
engineer should be familiar with these functions of the 
value engineer. 

e Evaluation Phase—Secure all pertinent facts: costs, 
quantities, vendor's lists, engineering drawings, specifi- 
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Roller chain tightener 


Completed 
assembly 


Components 


BEFORE 


Before: machined castings, bar stock and use of ball bearings 


assembly 


Components é 


AFTER 


After: machined die casting with oil-impregnated sleeve 
bearings. 


Cost reduced by 83.5 per cent by simplification of design, realistic application of tolerances, proper selection of materials and 


utilization of specialist’s services. 


cations, planning cards and manufacturing methods in- 
formation. Discuss all aspects with the project engineer, 
ask questions, listen, develop with him a_ thorough 
understanding of the problem. Determine the amount of 
effort that should reasonably be expended on each item 
of cost. 

e Speculative Phase—Generate every possible solu- 
tion to the problem. Consult others. Systematically ex- 
plore various materials, rearrangement of parts, ma- 
chining processes, etc. Encourage free use of imagina- 
tion. Record every suggestion that seems even remotely 
possible. 

e Analytical Phase—Evaluate each idea carefully. 
Investigate for practicality and savings possibilities. Se- 
lect the most promising ideas. Set up a program to 
pursue each idea vigorously. 

e Planning Phase—Break the job down into a pro- 
gression of functional areas; i.e., a fastening job, a 
support job, etc. Select people with top skills pertaining 
to each product function. Some will be found in the 
engineering organization, others in vendor organizations. 
Schedule the various product functional 
appropriate reference. 

e Execution Phase—Provide sufficient facts to the 
men and organizations selected in the planning phase 
so that they can make useful suggestions. Periodically 
review progress and remove causes for inaction. Con- 
stanily and thoroughly follow up until suggestions are 
in. As the program develops, alter the plan to provide 
other specialists seen to be needed. 


groups for 
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Value engineering also analyzes designs objectively to 
insure that they will not needlessly incur high main- 
tenance costs. In this respect, a compromise in the de- 
sign may be required that will increase the cost but 
result in a lower operating cost. 

It is apparent that the value program has grown into 
the application of certain techniques before design, 
during design, and after design. Hence, the success of 
any value program will be dependent upon the coopera- 
tion of the design engineer and the value engineer. 
The ability of these two people to work together will 
make or break the whole effort. This human element is 
at least 90 per cent of the conflict. 

Value engineering requires substantial technical ability 
to evolve proposals, but it also takes a high degree of 
human relations ability to get proposals accepted. The 
job of the value engineer is to give sound criticism and 
still maintain a healthy, happy, working relationship. 


The Negative Approach 


Rather than describe how this sound relationship is 
obtained, let me describe the reverse how the value 
engineer can ruin good relations with design engineers 
by: 

1. Letting the design engineer know that he, the value 
engineer, has been appointed as such because he was 
too smart to remain a design engineer. 

2. Impressing upon the D.E. that he had better coop- 
erate or his boss will soon hear about it. 

3. Telling the D.E. how much money he saved on the 
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Grid-Line plumbing 


Brazed and 
machined 
assembly 


Components 


BEFORE 


io 


Machined 


extrusion . ‘ 
Aluminum impact 


extrusion 


Before: brazed assembly of machined brass parts 
After: machined aluminum impact extrusion 


Cost reduced by 42 per cent by realistic application of toler- 
ances, proper selection of materials and choice of processes, 
and utilization of specialist’s services. 


last job and how much he can probably save on this 
one. 

1. Letting the D.E. know that he, the V.E., is a pretty 
smart engineer and knows all about the D.E.’s problems 
technically. 

5. Conceding that the D.E. is probably a good analyti- 
cal engineer, but that management feels he needs help 
on practical matters. 

6. Taking full credit for any improvements the D.E. 
accepts. After all, it may be the latter’s responsibility, 
but it was the V.E.’s idea! 


A young value engineer who has developed a substantial 
saving can ruin the reputation of his department by telling 
everyone what a wonderful contribution he has made. As 
he develops his story the question is asked: “who designed 
it that way in the beginning?” Unwittingly the young man 
will blurt out a name. Within a day or two the original 
design engineer is being ribbed by others in his department 
and his chagrin is unbearable. At this point he decides that 
he will avoid every value engineer in the place even if it 
means losing his job. Other design engineers reach the same 
conclusion. With this sort of attitude the value-engineering 
department can make its greatest contribution to the com- 
pany by dissolving itself. 
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7. Refusing to listen to any ideas the designer may 
have about improving his own product. Telling him 
that the V.E. is the one paid to do the value engineering. 
Giving the impression that now that the old pro has 
arrived, the designers are free to go back to their ivory 
towers. 

To which most design engineers will say “Amen!” 
It is hard to believe that anyone could be that obnoxious. 
Unfortunately, there is more truth than jest in the 
above statements. 

In too many cases the value engineer is a remnant, 
someone left over from some other program. Chief en- 
gineers who do not understand the value program feel 
that the best way to defeat it is to man it with inferior 
personnel. If this man was an undesirable in the begin- 
ning, certainly no rational engineer is going to take his 
suggestions very seriously. 

It is of the utmost importance that the value engineer 
be the best engineer available, as well as a diplomat, a 
salesman, and a man who has had considerable experi- 
ence in the field of human relations. Very frankly, I 
have never seen such a man, but | try to get as close 
to this ideal man as possible. 

From the positive viewpoint, the value engineer will 
be more successful in his work if he cooperates with 
the design engineer. The designer’s reputation is in- 
volved in design changes and therefore the designer 
should be credited for accepting suggested improve- 
ments. He has attitudes, natural prejudices about his 
work, perhaps even fixations. The designer is intelligent, 
anxious to be identified with a good product and profit- 
able lines. He will accept help if it promises to improve 
his product without embarrassing him and is within the 
framework of his commitments. 

Now that we have seen what a mess a value engineer 
can make of his job, let us look at the design engineer. 
Some of us value engineers look upon him as a prima 
donna who feels the same way about his work as Beet- 
hoven might have felt about a symphony. If one note 
is changed, the meaning of the entire symphony is lost. 
On the other hand, the design engineer is supposed to 
know everything. He knows all engineering materials, 
he knows their current market price, he is an absolute 
authority on specifications. He is fully conversant with 
every type of manufacturing process, he knows all 
methods of fastening, including all types of welding 
and brazing, etc. He does? Just how omniscient can one 
man be? 

Every day at Stromberg-Carlson several engineers 
call for the services of the value-engineering group, 
always with the same statement: “Oh man, am I glad 
you guys are here. | am supposed to have this project 
done in a month for the least amount of money. I will 
be lucky if I can get the product even to perform in a 
month, so will you do me a favor and work on the cost 
angle for me?” 

This is obviously a healthy atmosphere. The job is 
then a challenge to everyone, because the design engi- 
neer has found himself an arm, and he too will become 
much more proficient when he is presented with the 
outcome of the value engineer’s study. 

Unfortunately, the older man too often feels entirely 
different. Too many times he says, “I have been in this 
business all my life and I know all about it. This is the 

(Continued on page 203) 
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BERYLLIUM — 
The Metal and Its Design Potential 


- .- @ report on properties and applications 


Applications of Beryllium 


The following tabulation indicates various applications 
in different stages of development. 


e@ Structural and Mechanical: Motor housing; load-carry- 
ing components such as brackets, channels, beams; test 
equipment structures which require high rigidity; hard- 
ware such as screws, bolts, fasteners; gears for motors; 
switch blades; springs. 

e Nuclear: Reflecting devices; beryllium disks for X-ray 
windows; beryllium-radium source material for genera- 
tion of neutrons. 


F. M. YANS, Staff Metallurgist 

N. R. GARDNER, Senior Materials Engineer 
NucvLear Metats, Inc. 

Concord, Massachusetts 


LARGE-SCALE RESEARCH and development work in beryl- 
lium has already materialized in a number of specific 
equipment applications. Others are being actively devel- 
oped. Some present and projected applications include 
cooling fins, lightweight rigid components, instrument 
cases, heat sinks, high-temperature conductors, airborne 
instruments, super-conductors and gyro rotors. 

Table I and accompanying figures 1, 2 and 3 illus- 
trate the advantageous physical, thermal, electrical, opti- 
cal and nuclear properties of beryllium. 


Properties 
Strength-to-Weight Ratio 


Depending on the specific fabrication history of a 
beryllium component, it can be expected to have a 
strength-to-weight ratio of approximately two times that 
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in Electrical Equipment 


e Thermal: Heat sinks for missile systems. 


e Electrical: High-temperature conductor wire and 
power leads; memory disks for computer applications 
(where low inertia and high temperature stability are 
required); gyroscope rotors; low-inertia armatures; 
servomechanism transfer components; actuators for hy- 
draulic pumps and other equipment; rectangular wave- 
guides (used to minimize vibration frequency owing to 
high elastic modulus); antenna dishes. 


of Type 7075 aluminum. A general relationship between 
the strength-weight ratio of beryllium compared to 
various other metals may be found in Fig. 4. In addi- 
tion to having a ratio considerably in excess of com- 
petitive alloys, beryllium has a high melting point, thus 
maintaining its superiority over other alloys in terms of 
strength-weight ratio to temperatures in excess of 1000 
F. The absolute value of high strength-weight ratio has 
been extensively considered. A calculation of the struc- 
tural weight of a small fin, using several materials and 
operating at several different temperatures, indicated 
that, at 500 F, fins utilizing beryllium would weigh 
one-third as much as those of 4130 or AM350 steels, 
and one-half as much as those of 2024 aluminum. At 
700 F, HK31 (magnesium alloys) would weigh more 
than the steels. At 1200 F the relative fin weights would 
be: Be, 0.6; AM350, 2.45; and 4130, 2.6. Generally, 
beryllium has an outstanding relative position over com- 
peting materials at all temperatures up to 1200 F. 

Since fabricated materials other than beryllium are 
considerably less expensive, some question is raised as 
to whether the comparative advantage of beryllium can 
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be utilized. A typical order of magnitude in comparison 
of costs for aluminum, titanium and beryllium, as in- 
stalled in airborne equipment, is shown below: 


Temperature, deg F 


Cost, dollars per lb. 
Metal Installed 
Aluminum 
Regular production 
Experimental 


15.00 to 35.00 
50.00 to 150.00 


0.50 to 0.75 
0.50 to 0.75 


Titanium 


(light-gage sheet) 15.00 to 20.00 100.00 to 500.00 


Beryllium 
Nonstructural use 
Structural use 


about 100 
about 500 


500 up 
1000 up 


O——-— OSintered powder 

|X——mmee X VoCuum Cast, extruded 

OF lake, extruded 
Vacuum cast 


Stiffness-to-Weight Ratio 


Where structural members are reduced in thickness 
to save weight, stiffness is an important factor. A high 








Temperature, deg C , 
Table | — Properties of Beryllium 
Fig. 1—Variation of thermal conductivity of beryllium with 


temperature. 
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ig. 2—Specific heat of beryllium as a function of temperature. 
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Fig. 3—Effect of temperature on resistivity of beryllium. 
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Property 
Physical 
Density, gm/cu cm 

Melting point, deg C 

Boiling point, deg C 

Vapor pressure, solid, 905 C, atm. 
Vapor pressure, solid, 1235 C, atm. 
Vapor pressure, log P (atm.) 


Entropy, Ses.;, cal/(mol) (K) 
Solid 
Liquid 
Velocity of sound, meters/sec 
Modulus of elasticity 
Yield strength 
Tensile strength 


Thermal 


Latent heat of fusion, cal/gm 

Thermal conductivity 

Specific heat 

Coefficient of thermal expansion, micro-in. 
per in./deg C 
(25-100 C) 
(25-500 C) 


Electrical 

Electrical conductivity, % IACS 
Electrical resistivity 
Electrochemical equivalent, mg/coulomb 
Photoelectric work function, ev 
Hall coefficient, cgs electromagnetic units 
Mass susceptibility: 

—180 C 

+ 20C 

+300 C 


Optical 
Color 
Reflectivity (white light), per cent 
Emissivity coefficient 


Solid, 6500 A 
Solid, 5500 A 
Liquid to 2000 C, 6500 A 
Liquid to 2000 C, 5500 A 


Nuclear 
Beryllium atoms per cu cm 


Thermal-neutron cross section, barns/atom | 
Thermal neutron scattering cross section, | 


barns/atom 
Slowing-down length, cm 
(fission energy to thermal energy) 


1.85 
1283 
2970 

10-8 
io“ 


| 6.186 + 1.454 X 


10-‘T — 16,700/T 


2.28 + 0.02 
32.56 + 0.01 
12,600 
40 X 10° 
45,000 psi 
60-80,000 psi 


250-275 
See Fig. 1 
See Fig. 2 


40 
See Fig. 3 
0.04674 
3.92 
0.0024 + 0.0001 


—0.72 cgs units 
—1.00 cgs units 
—1.20 cgs units 


Steel gray 
52-55 
0.61 
0.61 


0.61 
0.81 


1.24 X 1078 
0.0090 + 0.0005 
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stiffness is required to reduce the magnitude of the 
deflections and, hence, buckling which will lead to fail- 
ure. In many cases, rigidity rather than strength is the pri- 
mary consideration for certain structural components. 
When using most high-strength materials, an emphasis 
on rigidity usually results in an overweight section hav- 
ing higher strength than is required. The high elastic 
modulus of beryllium (42 > 10° psi) makes the design 
of lightweight rigid components practical. 

The high modulus and low density (0.066 lb/cu in.) 
of beryllium permits large-scale application in present 
gyroscope rotors and components. This high elastic 
modulus is maintained over a greater temperature range 
than any other metal, and results in considerable thermal 
stability and creep resistance. Beryllium’s high strength 
and stiffness, combined with low density (resulting in 
low inertia characteristics), has given rise to considera- 
tion of beryllium in computer memory disks. 


Thermal Characteristics 


Beryllium has unusually high heat-absorbing proper- 
ties owing to its combination of high heat capacity, 
thermal conductivity and melting point. These thermal 
properties, combined with the general structural advan- 
tages, are particularly important in the design of space 
vehicles and components for high-speed flight. Beryl- 
lium has been proposed for use in instrumentation cases 
(which may be subjected to high heat fluxes), air brakes, 
and re-entry heat sinks. In order to establish early pros- 
pectives on the thermal properties of this metal, it should 
be noted that beryllium has a thermal conductivity which 
is comparable to aluminum, a thermal coefficient about 
one-half that of aluminum, and a heat capacity almost 
two and one-half times that of aluminum. 


Electrical Characteristics 


Beryllium, unlike most other high-temperature struc- 
tural materials, has particularly good electrical con- 
ductivity—approximately 40 per cent that of copper. 
This conductivity remains relatively high at elevated 
temperatures. Therefore, special attention is being given 
to applications which exploit beryllium as a conductor. 
Unusual applications may utilize beryllium in the form 
of wires, instrumentation boxes (which are also capable 
of carrying current) and power leads. The very low 
density of beryllium makes such application particularly 
attractive for airborne instrumentation. In the case of 
instrumentation container boxes, beryllium may also be 
expected to minimize temperature surges experienced by 
devices contained within the box due either to ambient 
conditions or to high thermal impulses. It should be 
noted, however, that problems associated with producing 
beryllium wire and shaping of thin-gage beryllium sheet 
are not as yet completely solved. 

Beryllium is expected to be superconducting, recent 
evidence indicating that such a change occurs below 
11 Kelvin. Instrumentation designers should also note 
that beryllium is essentially non-magnetic. 


Nuclear Characteristics 

The nuclear properties of beryllium are largely re- 
sponsible for its early development and application. The 
metal has excellent moderating (slowing down of fast 
neutrons) and reflecting (reduction of neutron losses) 
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Fig. 4—Relationship of strength-weight ratio of beryllium com- 
pared to other metals. 


characteristics. It is outstanding as a reflector of neutrons 
in the thermal energy range. 

As a moderator, beryllium is superior to graphite and 
does not have the disadvantage of the low boiling point 
of water in this application. Reactor designers indicate 
that if the cost of fabricated beryllium could be sub- 
stantially reduced, it would be of much greater interest 
for commercial power reactors. 


Optical Characteristics 


Beryllium has a number of unique properties which 
may be of importance to specialized applications. For 
instance, the metal has an extremely high reflectivity 
which, when coupled with its relatively good atmos- 
pheric corrosion resistance, indicates possible use as an 
illuminating source in optical equipment subject to high- 
temperature operation. Such applications may also benefit 
from the dimensional stability under thermally induced 
stress changes. 


Fabrication 


There are essentially three problems encountered in 
the fabrication of beryllium: brittleness (the production 
of beryllium components free of cracks, flaws and within 
specified tolerances), the attainment of specified me- 
chanical properties in the finished product (especially 
ductility), and the avoidance of any contamination of 
the material during fabrication (beryllium is a very 
reactive metal). 

The first problem, the avoidance of fracture during 
fabrication, is overcome primarily by keeping the metal 
in compression during most of the working operation 
and at reasonably high temperatures (1300 to 2100 F) 
to take advantage of high elongations exhibited at ele- 
vated temperatures. The second problem, the achieve- 
ment of the proper mechanical properties in the final 
shape, with special attention to ductility, is realized by 
controlling the crystallographic orientation or texture. 
The crystallographic texture is controlled primarily by 
a judicious choice of the fabrication steps and direction 
of metal flow. The third problem, the avoidance of con- 
tamination during processing, is circumvented by jacket- 
ing or cladding the beryllium with some impervious 
expandable material (usually mild steel) or performing 
the work under a vacuum or inert atmosphere. 

The mechanical properties of beryllium, especially the 
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Fig. 5—Forged beryllium hemisphere (not machined). 


ultimate tensile strength and ductility, depend to a great 
extent on grain size. The process of casting, as applied 
to beryllium, has one severe disadvantage: the resulting 
grain size is exceedingly large and, consequently, the 
properties are poor. Almost all the current fabrication 
techniques used involve powder metallurgy or its prod- 
ucts. 


Available Forms of Beryllium 


Hot-Pressed. The standard basic beryllium powder is 
made by chipping vacuum-cast beryllium ingots in a 
multiple-tool turning operation and then comminuting 
these chips between beryllium attritioning plates into 
the desired particle-size range. The resulting beryllium 
powder may then be fabricated without mechanical work- 
ing into dense, fine-grained compacts. This is done by 
vacuum hot-pressing, cold and/or warm compaction fol- 
lowed by hot pressing, hot pressing in inert gas or 
air, vacuum sintering to shape (no compaction during 
sintering), or cold and/or warm compaction followed 
by sintering and coining. 

Blocks produced by hot pressing, sintering and cold- 
compacting operations are of 100 per cent theoretical 
density, free of blow holes and other flaws, and have 
a fine, uniform grain structure. Machining of the mate- 
rial presents no problem, and the resulting ingots can 
be used as raw material for further fabrication opera- 
tions such as rolling, extrusion, forging or upsetting. 

Wrought Materials. These come much closer to achiev- 
ing an optimum tensile strength, yield point, and duc- 
tility than hot-pressed material. The working of beryl- 
lium is done in either one of two temperature ranges. 
The warm-working range (850 to 1400 F) imparts some 
degree of residual stresses to the material; hence, beryl- 
lium processed in this temperature range has a higher 
yield and tensile strength and lower ductility than ma- 
terial fabricated in the range from 1400 to 2100 F (the 
hot-working range). 

When the beryllium is to be worked in the unclad 
condition, the usual practice is to limit the working 
temperature to 1400 F in order to avoid oxidation and 
scattering of the resulting toxic products in the air; 
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however, suitable impervious lubricants (glass) and/or 
heating atmospheres (salt) can be used to minimize the 
oxidation problem and allow the berylliura to be worked 
unclad at temperatures in excess of 1400 F. 

Beryllium sheet can be rolled readily in either the 
warm (850 to 1400 F) or hot (1400 to 2100 F) tem- 
perature ranges. Most of the rolling utilizes steel-clad 
beryllium. 

Beryllium can be forged readily. especially in the 
hot-working range while clad in mild steel. Many ad- 
vantageous mechanical properties can be achieved by 
the forging operation. The starting material is usually 
cold-compacted beryllium powder, and the forging oper- 
ation is performed at approximately 1950 F. Beryllium 
sheet made by the upsetting process is essentially a 
forged product (Fig. 5). Beryllium sheet can be formed 
into many shapes, sections and sizes by various types 
of bending, drawing and shear operations. All the warm- 
forming parameters (temperature, strain rate, bend 
radii, etc.) are extremely critical in the production of a 
sound component. Process anneals are sometimes neces 
sary during the forming operation. 


Design Considerations 


Machining. Beryllium metal produced by powder- 
metallurgy techniques can be machined readily, its 
ease of machining comparing favorably with heat-treated 
aluminum castings. The primary difficulty is that the 
metal is very abrasive. Most of the machining operations 
are done with carbide-tipped tools. Surface speeds as 
high as 150 to 250 ft/min are practical. The powder- 
metallurgy product can be turned, bored, milled, drilled, 
sawed, ground and abrasively cut. Standard machinery 
can be used without necessitating the heating of the 
work to temperatures in excess of ambient. 

Joining. The joining of beryllium components, 
whether by mechanical, braze or weld fastening, becomes 
complex for several metallurgical reasons. In the me- 
chanical fastening of beryllium, it is highly important 
to avoid the introduction of large, complex stresses 
which often accompany mechanical fastening. The avoid- 
ance of these stresses is more important in beryllium 
because of the ductility problem. Joining by brazing 
becomes complex due to the fact that most metals form 
brittle intermetallic compounds with beryllium. Those 
few that do not form intermetallics either have poor 
high-temperature properties or wet the beryllium insuf- 
ficiently to give good brazes. The three most important 
braze alloys developed to date are the aluminum-silicon 
type alloys, the pure silver, and silver with small beryl- 
lium or copper additions. Fusion welding of beryllium 
has the inherent difficulty of forming large grains in 
the area of the fusion zone. This results in low ductility 
and strength in the weld area. It is possible that some 
types of fusion welds may be utilized in applications 
where strength of the joint is not of the utmost im- 
portance. One of the most promising methods of join- 
ing beryllium to beryllium is by pressure welding. The 
process of pressure welding essentially amounts to ap- 
plying heat (approximately. 1800 to 1900 F) and pres- 
sure (approximately 5000 to 10.000 psi) to the pieces 
to be welded. A weld is achieved by recrystallization at 
the beryllium-to-beryllium interface. The advantage of 
this technique is that grain growth, which decreases the 
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properties of the weld with respect to the parent mate- 
rial, does not occur. 


Surface Preparation 
During ali cold-machining and many fabrication oper- 
‘surface damage” is in- 


ations, metallurgical twinning or 
curred. To avoid premature failure of any beryllium 
components after machining or fabrication, it is neces- 
sary to remove these flaws by chemical etching or fine 
polishing. This may be done by removing approximately 
0.003 to 0.008 in. from the surface of the beryllium. 
A 10 to 25 per cent aqueous solution of sulfuric acid 
can be used for this purpose. There are many other 
chemical solutions which can also be utilized. Some of 
them impart an even more highly reflective finish, but 
they are more complex solutions and must be used at 
temperatures on the order of 100 C. 


Design Parameters 


Other than composition, there are essentially three 
things which drastically affect the mechanical proper- 
ties of beryllium. They are the grain size of the material. 
the crystallographic orientation or texture, and whether 
or not the material has been mechanically worked. The 
finer the grain size, the better will be the room-tempera- 
ture properties. Mechanical working increases the strength 
considerably. 

Ductility of a beryllium single crystal varies between 
0 and 50 per cent, depending on direction of applied stress. 
Therefore, the ductility of a wrought shape is dependent 
on its crystallographic texture, thus influencing design 
and fabrication parameters. 

This anisotropy of ductility has many and varied im- 
plications for the designer and fabricator of beryllium. 
For example, cross-rolled sheet exhibits drastic size 
effects. When a thin strip of beryllium is being deformed 
or bent, it is essentially subjected to uniaxial tensile 
forces and no ductility in the thickness direction is re- 
quired. Hence, very small radii and large deformations 
can be achieved upon bending a thin strip of beryllium. 
But when a wide strip of this type of beryllium sheet 
(cross-rolled variety) is bent, geometrical effects come 
into play and the sheet is subjected to biaxial stresses. 
In order to deform under these conditions the material 
must exhibit some ductility in the thickness direction or 
very high bend-angles will not be achieved. 

It therefore becomes obvious that the designer must 
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Fig. 6—Effect of temperature on oxidation of beryllium in air. 


consider the manner in which the material behaves under 
biaxial or complex strains as well as uniaxial. The reason 
is that wrought beryllium exhibits a very large degree 
of anisotropy insofar as its ductility is concerned. 


Corrosion 


One of the most important factors in achieving con- 
sistently good noncorrosion results in beryllium is the 
use of high-quality metal, especially the powder-metal- 
lurgy product. Beryllium metal exhibits a strong tend- 
ency toward a localized form of corrosion attack when 
exposed to water (see Table II). This type of attack is 
stimulated extensively by the presence of such ions as 
chloride, sulfate, copper, and iron. A degree of beryl- 
lium corrosion control is possible, therefore, through the 
elimination or reduction in concentration of these ob- 
jectionable ions in the aqueous environment. 

Beryllium exhibits excellent resistance to oxidation in 
air up to temperatures as high as 1500 F. The effect of 
emperature upon the oxidation of beryllium in air is 
shown in Fig. 6. 


Alloys 


Both the room-temperature and stress-rupture prop- 
erties of beryllium have been improved by solid-solution 
and dispersion-type alloys, respectively. There are very 
few successful, or potentially successful, alloying sys- 
tems involving a large amount of beryllium. The reason 


Table Il — Effect of Temperature on Corrosion of Extruded Beryllium in Demineralized Water 


| 


Temperature, 
deg C Test type Aeration 

30 Static | No 

70 Static No 

80 Static No 

90 | Static No 

70 Static Air 

80 Static Air 

90 Static Air 

70 Dynamic* No 

80 Dynamic* No 

90 Dynamic* No 


* Specimens rotated at velocities between 5 


and 8 fps. 


Corrosion rate, 
mil/year 


Maximum pit 


Time, hr depth, mils 


427 Negligible < 
427 2.9 

427 | 4.1 

427 4.7 

406 1.6 

406 | 1.3 

406 Negligible 

473 Negligible 

473 Negligible 

473 Negligible 
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is that very few metals have any solid solubility in 
beryllium and almost all metals form brittle intermetal- 
lic compounds with it. Copper in solid solution provides 
perhaps the most advantageous alloying system, since it 
increases the strength of beryllium without detrimentally 
affecting the ductility. 

Carbon, oxygen and silicon have been added to beryl- 
lium to form dispersion-type alloys in an effort to im- 
prove the material’s stress-rupture properties. This, in 
fact, has been accomplished, and some of the properties 
exhibited by the dispersion-type alloys are shown in 
Figs. 7 and 8. 


Comparison with Other Materials 


In evaluating the application of beryllium for various 
requirements, special attention must be given to the 
properties which are presently attainable. As has been 
discussed, fabrication techniques affect mechanical prop- 
erties. Accordingly, methods of production must be speci- 
fied in order to obtain certain particular properties. 

In many applications, beryllium is clearly superior to 
and competitive with any alternative materials, and con- 
sequently finds immediate application. Such uses for 


beryllium are generally characterized by parts which 
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Fig. 7—Ultimate strength properties of beryllium with tem- 
peratures, 
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Fig. 8—Beryllium mixtures rupture tests (stress 100 hr rupture 
life) vs temperature. 
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require relatively small amounts of the metal, or by ap- 
plications in which the beryllium costs are a relatively 
small fraction of the total costs. Typical of such applica- 
tions is the use of beryllium for X-ray windows. Owing 
to its low density, beryllium is able to transmit X-radia- 
lion approximately seventeen times more efficiently than 
a comparable thickness of aluminum. While such ap- 
plications represent low-volume usage, they are never- 
theless a technically important segment of the beryllium 
picture. 

A second area in which beryllium may be compared 
to other materials consists of applications in which, owing 
to certain special properties, beryllium is preferred 
although considerations of cost become more important. 
Typically, while certain military aircraft or missile parts 
would benefit from the use of beryllium, the cost of the 
large quantities of beryllium required and the more 
stringent mechanical requirements have retarded actual 
application. 

Figure 4 indicates some general strength-weight ratio 
relationships between various structural materials such 
as aluminum, stainless steel, titanium, magnesium and 
beryllium. Table III indicates the rigidity index of beryl- 
lium as compared to various other materials. Table 1V 
indicates the non-structural properties of various metals 
as compared to beryllium. 

The more widespread use of beryllium for non-mili- 
tary applications and for those requiring relatively large 
quantities of the metal will necessitate substantial cost 
reduction and improvements in fabrication techniques 
and resulting properties. 


Current Development Activities 

Vost of the current basic development activities are 
concerned in one way or another with the brittleness 
problem. There are two opinions generally on the brit- 
tleness problem in beryllium. The first considers beryl- 
lium to be inherently ductile, and the primary reason 
for its current lack of ductility is embrittlement due to 
impurities. The second believes that beryllium is inher- 
ently brittle, and the currently existing material must 
suffice, barring future refinements of fabrication pro- 
cesses, crystallographic texture and alloys. 

The two Government agencies which have been sup- 
porting most of the current beryllium research and de- 
velopment programs are the Atomic Energy Commission 
and the Air Force.* 

The Air Force and the AEC are also sponsoring many 
engineering development programs aimed at refining 
fabrication techniques involved in the production of spe- 
cific structural components. 


Limitations 
Notwithstanding the extremely attractive properties 
which beryllium possesses, a number of major problems 
exist and the solution of these problems will in large 
part determine the future of the beryllium industry. 
These problems are scarcity, high cost, toxicity and 
brittleness. 


* Nuclear Metals, Inc. 
beryllium research 
Jervilium fracture—AE¢ 
Beta-phase retention by alloying—AE( 
Consumable-electrode welding—Air Force, Brush Beryllium Co. 
ig sat of wrought beryllium sheet with isotropic mechanical properties— 
Air For 


Berylliun 


is now fulfilling the following development programs in 


management program 


Air Force 


(purification, joining, mechanical properties, 
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Scarcity. Should largely increased demand materi- 
alize, sufficient material could be produced. In order to 
reach this conclusion it is necessary to consider the availa- 
bility of ores containing beryllium. The earth’s crust 
contains beryllium in amounts which are comparable to 
cadmium, tungsten, or uranium. Inasmuch as present prac- 
tice allows for the recovery of only particularly high 
grade ores, it will be necessary for techniques to be 
developed for recovery of low-grade material, a large 
amount of which is available in this country. 

Cost. The high cost of beryllium metal is primarily 
attributed to the relatively low production volume for 
this material (as compared to aluminum, for instance), 
and to the inefficient operations characteristic of all 
phases during the production process. In addition to 
inefficient recovery of beryllium from ore, the special 
requirements on purity and considerations of toxicity 
of the material require extreme care. Currently, beryl- 
lium powder may be purchased in the price range of 
$50 to $90 per lb, depending on specifications and quan- 
tity, and it is estimated that simple fabricated parts may 
cost on the order of $200 to $300 per lb. These prices 
are considerably in excess of those for other materials. 
However, in some instances the reduction in effective 
weight (particularly for military applications) or the 
lack of sound substitute materials warrants the use of 
beryllium at present costs. 

Toxicity. Based on extensive AEC investigations, it 
is generally understood that beryllium compounds in the 
form of fumes or dust can cause dermatitis on contact 
with the skin, or berylliosis if inhaled. The degree of 
sensitivity to such exposure varies considerably and it is 
generally felt that working environments should not con- 
tain more than two micrograms of beryllium per cubic 
meter. In view of the present understanding of the prob- 
lem, organizations concerned with the manufacture and 
processing of beryllium are becoming cognizant of pre- 
cautions which are required, including proper ventila- 
tion and procedures for handling beryllium power. In 
consolidated form, beryllium represents no _ health 
problem. 


Table Ill — Ratio of Modulus of Elasticity /Density 
As an Index of Rigidity 


Modulus 
(E), 
10° psi E/D 


Metal Ib/cu. in. 


316 Stainless steel (annealed) 
Commercially pure titanium 
Aluminum 

Mg-Ce-Th alloy 

Beryllium (warm extruded) 


0.296 26.0 91 
0.163 15.0 92 
0.101 10.5 104 
0.0656 6.5 99 
0.0658 44.0 670 


Brittleness. Brittleness is the major technical limi- 
tation upon the use of beryllium at the present time. 
Owing to the extremely anisotropic nature of the metal 
in fabricated form, ductility can be made to vary from 
essentially zero to 40 per cent in single test directions. 
For example, most engineering applications involving 
the use of beryllium sheet require that the material be 
subjected to complex stresses; accordingly, some balance 
is required between the good properties which can be 
attained in the plane of the sheet and the extremely 
poor properties in a direction perpendicular to the sheet 
in order to conserve volume. A great deal of engineer- 
ing development has taken place over the past five to 
ten years and many engineering designs are now pos- 
sible. It seems clear that the only major problems are 
associated with the relatively high cost and brittleness 
of beryllium metal. ooo 
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Table IV — Properties of Various Metals Compared to Beryllium 


Thermal 
conductivity 
near 20 C, 
cal/sq cm/cm 
per deg C/sec 


Coefficient of 
linear thermal 
expansion near 
"2 Cc, 
micro-in. /deg C 


| 
| Specific | 
Melting heat 
point, at 20 C, 
deg C cal/gm /deg C 


Modulus 

Electrical elasticity 
resistivity, | in tension, 
microhm-cm 10° psi 


4.0 (0C) | 44 


Density 
at 20 C, 


Metal gm/cu cm 


Beryllium 1.85 1285 0.5 12.4 0.38 


Aluminum 2.70 660 0.215 23.9 0.53 2.655 (20 C) 10 


Columbium (18 C) 19 


oF 2415 0.065 “a 0.132 13.1 


8 
Copper 8.96 1083 .092 .94 1.673 (20 C) 16 
7 


Iron .87 1539 ae .18 9.71 (20 C) 28. 


Molybdenum 10.20 2625 .35 §.17 (0C) 50 


0 
0 
Magnesium 1.74 650 “a0 0.38 4.46 (20 C) 6. 
0 
0 


Nickel 8.90 1455 22 (20 C) 


Titanium 4.54 ; ; 41 80 (0C) 


Zirconium 6.50 3 j 44:8 (0¢) 


NOVEMBER 1959 





DESIGN TRENDS 


Edited by ArnoLp E. RupAHL, Associate Editor 


Unique Seal 
in Compact 
Time-Delay Relay 


\ NEW MODULAR SERIES of pneumatic 
time-delay relays, manufactured by 
Clark Controller Co. for all types of 
control systems, is designed for maxi- 
mum accuracy and dependability. In 
the two-pole relay, Fig. 1, the pole im- 
mediately to the left of the timing area 
is always a timed pole, being operated 
from the trip lever of the timing head. 
The pole immediately to the right of 
the timing head may be either timed or 
instantaneous, depending on whether it 
is operated by the timing head or di- 
rectly from the magnet. Other poles 
are always instantaneous. This means 
that more circuits can be controlled by 
a single relay. 

To develop this modular design it 
was necessary first to develop a uni- 
versal compact timing mechanism. To 
minimize space requirements, it was 
decided to mount the timing head di- 


Fig. 1—The new Clark Controller Co. 
type PMT pneumatic time-delay relay 
consists of a compact timing head, a 
magnet and coil, and from one to four 
universal poles on a mounting plate. 
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rectly above the magnet, occupying the 
space of two poles so that a two-pole 
time-delay relay would occupy the same 
panel area as a four-pole relay. The 
problem was to design a timing head 
that would fit into this space, matching 
the other components in physical size, 
and still have the accuracy of competi- 
tive units. 

In order to obtain the desired timing 
range and accuracy, it is necessary to 
displace a comparatively large volume 
of air. One method is to have a large- 
diameter flat diaphragm secured across 
the center of a conically shaped cham- 
ber, with a_ spring-loaded plunger 
with one end attached to the center of 
the diaphragm extending through the 
chamber and the other end protruding 
to provide the driving action. Because 
the diaphragm is fixed at the outer 
edges, most of the air displacement oc- 
curs toward the center of the dia- 
phragm. Since the timing range and ac- 
curacy of the unit depend on the vol- 
ume of air displaced, this arrangement 
would require considerable space. 

As shown in Fig. 2, the Clark unit 
utilizes a relatively small diameter di- 
aphragm, with deep convolutions, rid- 
ing over a piston so the action is like 
a piston in a cylinder. Responsive even 
to small pressure changes, this rela- 
tively new concept in seals has virtually 
no mechanical spring gradient, and 
possesses extremely long stroke and flex- 
ing life. This design permits the new 
relay to displace a volume of air equal 
to that of competitive units, but within 
a smaller overall space. The timing 
range provided by this device is ad- 
justable from 0.2 sec to 3 min and repe- 
titive accuracy is plus or minus 10 per 
cent. The repetitive accuracy of the 
timing device is in part due to the low 
hysteresis characteristics of the seal. 

The seal, manufactured by the Bello- 
fram Corporation, Burlington, Mass., 
has a cylinder bore diameter of only 
about 11% in. The seal consists of a ni- 
trile rubber elastomer in which are im- 
bedded high-tenacity pressure cores of 
Dacron fabric to give the seal its ex- 
tremely long flex life and yet provide 
a seal which would be sensitive to air 
pressures of less than 1 psi. The seal is 
flexible and resilient through a temper- 
ature range of —30 to +200 F. 


This particular relay is designed to 
provide “on-delay” operation (time de- 
lay and energization) and “off-delay” 
operation (time delay after deenergiza- 
tion). With “on-delay” operation the 
magnet assembly is mounted so that 
the armature is above the stationary 
magnet, and the side members of the 
reset spring hold the bracket and rod 
assembly of the magnet in the raised 
position while the cross-member of the 
spring holds up the trip lever of the 
timing head. The bracket, in turn, 
holds the timing-head piston (dia- 
phragm seal and rod assembly in Fig. 
2) up, so the diaphragm spring is com- 
pressed and the air is expelled from the 
cylinder through the check valve. 

When the coil is energized, the se- 
quence of operation is as follows: The 
magnet armature is pulled down, oper- 
ating the instantaneous contacts im- 
mediately. In the timing head, Fig. 2, 
the diaphragm spring forces the piston 
and diaphragm seal downward at a 
controlled rate, determined by the 
amount of air allowed to pass through 
the adjustable orifice of the needle 
valve. As the piston nears the end of 
its downward stroke, the piston rod 
trips the latch, releasing the trip lever 
in operating the timed contacts. When 
the coil is deenergized, the timing-head 
piston, timed poles, and the instantan- 
eous poles are all reset instantaneously 
by the reset spring, and the relay is 
ready for the next operation. 

With “off-delay” operation the mag- 
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Fig. 2—Schematic of the new pneumatic 
time-delay relay, showing compact design 
made possible by the rolling-action seal. 
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net assembly is mounted so that the 
armature is below the stationary mag- 
net and with the reset spring immobil- 
ized, the upper contacts of each pole 
are normally closed and the lower con- 
tacts are normally opened. When the 
coil is energized all poles, both instan- 
taneous and timed, are operated imme- 
diately and the timing-head piston with 
its seal is forced upward, compressing 
the diaphragm spring and expelling the 
air from the cylinder through the check 
valve. 

When the coil is deenergized, the in- 
stantaneous contacts return to the nor- 
mal condition immediately, while the 
timed poles are delayed by the action 
of the timing head. Oooo 


R-F Shielding of 
Fluorescent Lamps 


ERNEST F. WEINBERGER, 
Electronic Scientist, and 
GERALD A. ROCA, Electronic Technician 
Nava MATERIAL LABORATORY 
New York Naval Shipyard 


WITH THE INCREASE OF sensitive elec- 
tronic equipment in use in the armed 
forces, the elimination of radio inter- 
ference from nearby fluorescent lamps 
has become extremely important. Many 
types of low-level electronic measure- 
ments and communications can be com- 
pletely blocked by pulses from fluor- 
escent lamps installed overhead. 














Indicated microvolts peak 











0.0! 0. LO 10 
Frequency, mc 


Fig. 1—Radiated radio interference gen- 
erated by 48-in. rapid-start fluorescent 
lamps. Measurements made with rod 
antenna 3 ft from and parallel to lamps. 
No interference detected when using 
honeycomb grill or conducting glass 
cover. Meters employed were Stoddart 


AN/URM-6 and AN/PRM-1. 
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Fig. 2—Typical fluorescent light unit, with aluminum honeycomb grill and conducting 


glass cover used for r-f shielding. 


Tests have shown that both cold- 
cathode and filament types of fluor- 
escent lamps generate excessive radio 
interference in the lower frequency 
spectrum from 14 ke to about 3 me 
(Fig. 1). The interference generated 
by these fluorescent lamps is of a 
broadband nature and the method of 
generation is similar to a simple switch 
opening and closing 120 times per sec. 
This accounts, in part, for the high con- 
centration of interference in the lower 
frequency spectrum. 

In general, the use of radio-frequency 
filters incorporated in the internal wir- 
ing of the lamp fixture alleviates the 


db 
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Shielding effectiveness, 


conducted interference problem so that 
this discussion will deal primarily with 
the radiation emanating from the lamps 
themselves. It is possible to reduce the 
radio frequency radiating from the 
fluorescent fixtures by means of trans- 
parent conducting glass or honeycomb 
metal louvers. In order to determine the 
shielding effectiveness of a honeycomb 
louver or a conducting glass panel 
(Fig. 2), the following procedure was 
employed. The lamps were removed 
from the fixture and a single-wire an- 
tenna was substituted within the fixture. 
A c-w signal was employed to energize 
the wire and radiation measurements 


A-"50o0hm" measured !I9ohms 
B-"lOOohm" measured IGOohms 
C-"200o0hm" measured 2750hms 


Honeycomb aluminu 
louver 


Frequency, mc 


Fig. 3—Shielding effectiveness of various coated (conducting) glass panels and alumi- 
num honeycomb louver. Note that resistance values are in “ohms per square.” These 
values refer to surface resistivity, which is defined as the electrical resistance of a 
square area measured between two opposite edges and is independent of the size 
of the square. 
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were then made with the louvers and 
conducting glass on and off the fixture. 
The pickup device (rod antenna) em- 
ployed was positioned directly below 
the fixture and parallel to the radiating 
antenna within the fixture at a distance 
of three feet. Comparison measurements 
were then made on the electric field 
generated for the two conditions. 

The various conducting glass samples 
were removed from the fixture and re- 
sistance measurements were made. 
These values are indicated in Fig. 3 
(all resistances are in ohms _ per 
square). It can be noted that the shield- 
ing effectiveness of the conducting glass 
decreases with frequency and becomes 
almost ineffective above 5 mc. This is 
true regardless of the glass resistance, 
although at the lower frequencies the 
lower-resistance glass exhibits increas- 
ed shielding effectiveness. However. 
measurements show that the interfer- 
ence detected from a fluorescent fix- 
ture with either a conducting glass or 
a honeycomb louver cover is well with- 
in Military Specification limits. This 
can be explained by the fact that the 
interference generated by the fluor- 
escent lamps also decreases rapidly 
with increasing frequency. 

At this point one might inquire 
whether this analysis applies to all 
fluorescent fixtures with any number of 
lamps. It must be borne in mind that, 
in general, radio-frequency interference 
is not an additive function so that 
where more than one lamp is present 
the total interference will in general 
correspond to the most interfering 
lamp. However, the size of the lamp 
(wattage, length) will control both the 
level of generated interference and its 
corresponding frequency distribution. 
The longer the lamp the greater the in- 
terference and the lower the frequency 
distribution. 

The light transmission of all three 
samples of the conducting glass was 
approximately 85 per cent. The light 
transmission through the honeycomb 
louver was also 85 per cent when 
measured directly below the fixture. 
In addition, a honeycomb or an egg- 
crate louver will restrict the angle of 
light transmission which allows for 
many applications of selective lighting. 
The angle of light restriction is a func- 
tion of the physical dimensions of the 
louver and may be varied over a con- 
siderable range. The louver investigated 
restricted the light transmission at ap- 
proximately 45 deg. The glass panels 
described did not restrict the light, 
although certain glass panels are con- 
structed for this purpose. In conclusion, 
it may be stated that where shielding 
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is desired in the low-frequency spec- 
trum (up to 5 mc) and light trans- 
mission is essential, the use of low-re- 
sistance conducting glass or a metal 
louver will suffice in most instances, as 
is the case with most fluorescent fix- 
tures employing filament, or instant- 
start lamps. 

Where the application of conduct- 
ing glass is desired, Fig. 3 indicates the 
expected values of shielding effective- 
ness. Knowing the levels of interfer- 
ence present or anticipated and its fre- 
quency distribution, a correct selection 
can be made by the design engineer 
in advance, to cope with the ever-pres- 
ent problem of radio-frequency inter- 
ference. 


Acknowledgment is hereby made to the 
Bureau of Ships, U. S. Navy, under whose 
authorization the work was carried out. 

Note: The opinions or assertions con- 


Basic Timer 
for Pushbutton 
Appliance Control 


CONTROLS IN LAUNDRY APPLIANCES con- 
sist of knobs, buttons and dials on the 
machine’s control panel and solenoids, 
switches and valves located within the 
machine. The brain of the machine is 
the timer which controls the other con- 
trols and determines the cycle. 
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tained in this paper are the private ones 
of the authors and are not to be construed 
as official or reflecting the views of the 
Navy Department or the Naval Service at 
large. Oooo 
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Conventional timers are manually set 
to the starting position of the selected 
cycle. With the advent of multiple 
cycles, it has become more difficult to 
select the exact starting interval and in 
some cases as many as five operator- 
controlled 
determine all of the elements that 
make up a machine's cycle. In solving 
the problem of simplifying operation 
of home laundry equipment, Controls 
Company engineers, in cooperation with 
prominent equipment manufacturers, 
concluded that the number of controls 


switches must be set to 


The Cycle-Set Power Timer, developed by the Appliance & Automotive Controls Div. 
Controls Company of America, is available in two basic types: (1) with cycle switches 
located remotely from other timer components, as shown in the foreground; or (2) 
with cycle switches located integral to timer components, as shown in the back. The 
timer can be made with a wide variety of types of cycle switches to suit individual 


customer requirements: 


pushbuttons, vertical or horizontal levers, or rotary dials. 


ELECTRICAL MANUFACTURING 





ea ut 
ry (daa 


701 Pn ni 
and naan 


ik USI. 


*K VOLTAGE 
REGULATED eee 
ode ° "a. ‘ 
POWER 0 01% REGULATION 
SUPPLIES s O STABILITY 
Dc oc 
OUTPUT! OUTPUT 
MODEL | VOLTS | AMPS. 
SC-32-0.5 | 0-32 | 0-0.5 
sc-32-1 | 032 | 01 
SC-32-1.5 | 0-32 | 0-1.5 
2SC-32-1.5 | 0-32 


REGULATION 
0. 1% STABILITY DUAL OUTPUT 
SC-32-2.5 


the most 
az teete =» COMPILE —“seana_f oa | 
seas totes §6lINC Of = tan 


sre POWER -#38 
SC-3672-1 | 36- SUP P LIES 


SC-3672-0.5 


REGULATION 

0.02 O STABILITY 
offers more than COMPACT PACKAGE TYPE 
120 standard voltage 
regulated power supplies 
covering a wide range 

of transistor, tube } 4 or | 

and magnetic types. , — PSC-10-2 


For complete specifications, Pees lm COPSC-15-2 125 175 
write for Brochure B-591 a “ ——-— PSC-20-2 17.5-22.5 


Model 92. 
PSC-10-2 PSC-26-1 22. 3325 


PSC-38-1 | 32.5-42.5 


oc oc 
OUTPUT | OUTPUT 
VOLTS AMPS. 


131-38 SANFORD AVENUE + FLUSHING 55, N.Y. » INDEPENDENCE 1-7000 


NOVEMBER 1959 Circle 182 on page 17 





DESIGN TRENDS 


must be reduced to a minimum and 
that the solution lay in a series of 
pushbuttons, each of which would pro- 
vide a set of conditions easily recog- 
nized by the operator. The problem. 
then, was converting these conditions 
to intelligence that could be under- 
stood by the machine and _ provide 
laboratory-engineered washing or dry- 
ing conditions. 

The problem of remotely operating 
the timer was solved by incorporating 
a simple servo system that utilizes a 
small shaded-pole motor to drive the 
timer rapidly to a pre-determined angu- 
lar position. Since the type of timer 
used on automatic washers is a mul- 
tiple-interval type (that is, a multi- 
position switch which dwells in each 
position for a given period of time), 
the servo system was integrated into 
the ratchet-type drive conventionally 
used. The particular position to which 


Flexible Magnet 


Material for 
Electronic Equipment 


\ NEW FLEXIBLE PERMANENT MAGNET, 
Koroseal vinyl plastic, has been de- 
veloped by B. F. Goodrich Industrial 
Products Company, a division of The 
B. F. Goodrich Company, Akron, Ohio. 


Extruded shapes 


ins : 
"del 


Pull strength 
through 0.015 in 


=, _. duis 
‘1A. 7a. T Lo 2000 


the servo system drives is determined 
by specially designed printed-circuit 
switches. Printed circuitry is practical 
since low currents are involved. Multi- 
ple switching and interconnections are 
easily accomplished, and modification 
needed to meet customers’ cycles is 
easily and economically provided. 
The several manually set selector 
switches found on conventional ma- 
chines were eliminated by incorporat- 
ing all such switching in the timer 
itself. The increased number of wash- 
ing cycles in 360 deg that resulted 
presented a problem in some applica- 
tions since the total number of timer 
intervals was limited. This limitation 
was overcome by the use of sub-interval 
switching, performing in such a man- 
ner as to provide machine functions to 
occur during a single interval. For 
example, in one variation of the system, 
a three-minute interval is employed. 
By means of the sub-interval switches, 
the machine can be made to drain 
during the first minute, spin and drain 
for the second minute, and spin dry in 
the last minute—or two minutes of 
rinse can be followed by a third minute 


The new material is specially com- 
pounded and processed to react like 
metal or ceramic magnets. However, it 
can be extruded in continuous lengths, 
in an unlimited number of shapes, with 
the ability to be cut without impairing 
its magnetic properties. 

This flexible magnet material is an 
electrical insulator. Unlike iron-type 
magnets, it can be spot magnetized or 
shape magnetized for specific engineer- 


Specific gravity — 3.7 
Hardness (Dur.D)-65 


8, = 1400 
H, = 1150 


c 


N S  BHmor® 0.402 x 108 


— 


& , gauss 


1500 


of drain, etc., as required by the cycle. 
The net effect is the same as increasing 
the total number of intervals in the 
timer. 

If for any reason a selected button 
is not depressed sufficiently enough to 
latch, the device automatically seeks a 
safety-shutdown point at which it stops 
operation. If two buttons should be 
depressed in error at the same time, 
the device will select only one of the 
cycles. In addition, all machine power 
is removed during rapid advance to 
avoid any internal wear and tear on 
the machine parts. 

Combination washer-dryers represent 
perhaps the most complicated applica- 
tion because of the multiplicity of 
factors and controls that are involved. 
For this application Controls Company 
has developed a means of multiplying 
the duration of the time interval either 
selectively or automatically so that a 
fixed time interval is no longer a 
limitation. This permits, for example, 
the dry time to occupy only a few 
intervals, or allows a fixed number of 
intervals, such as fill, to take a vari- 
able amount of time. O00 


ing designs. Steel-type magnets can be 
magnetized only lengthwise, with one 
pole at one end and the other at the 
opposite end. The flexible material, 
however, can have poles across the 
width or thickness, along one face with 
the poles along the edge, or along one 
face with alternating poles. 

An important immediate use is seen 
as combination closure and gasketing 
materials for washing machines and 


Air gop, 0.156 Ib/in. O156 Ib/in. 0.195 Ib/in. 0.328 Ib/in. 


1400 1200 1000 800 600 400 02 03 04 O05 06 


Coercive force (4,), oersteds BH x 10® 


Left, specifications for B. F. Goodrich Company “Type I” Koroseal flexible magnet material, with some typical extruded shapes. 
Right, a coil of the flexible magnet material developed by B. F. Goodrich Company illustrating magnetic drawing power and un- 
limited lengths of extrusions. 
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| SVERYTHING © 


FEATURING 


GUARDIAN 


MINIMUM CURRENT 
RELAYS 


This Guardian rotary type Series 3005 relay meets 
overload rupture, vibration and minimum current 
requirements of MIL-R-6106-C. Operates 4 P.D.T., 

at 10 amperes—has vibration resistance of 

15 G's to 1000 cycles plus 10 G's from 1000 to 2000 cycles— 

applicable for temperature ranges of —65° C. to 

+120° C. Standard coil voltage of 24 to 28 

volts DC. Also available with rectifica- 


tion network for AC ti 
Series 3005 "nae Series 3005 
POTTED TYPE... 


SCREW TYPE... 
Available with potted 


Hermetically sealed. 
Available with standard type leads to decrease ex- 
screw type terminals. ternal dielectric problems. 


x keke keke ehh rhUu Kr Kh KrhUrhUcrhUcrhUlUlrhUlUrhlUlUKhCUmK 


Close Differential 
RELAYS 


A Guardian developed network utilizing static devices in 
conjunction with the Series 1005 Relay creates the ultimate in close 
differential requirements without using sundry mechanical 
devices. This close differential relay has D.P.D.T. contacts 
rated at 3 amperes. Operating voltage is 24 +2 volts, release 
voltage is 22 +2 volts. Maximum differential between attract 

and release is 2 volts. Applicable for temperature 


Aircraft Catalog “D” ranges of —65° C. to +125° C. 


Write on your company letterhead for catalog ‘‘D”’ 


GUARDIAN 9 ELECTRIC 


MANUFACTURING COMPANY 
1627-M W. WALNUT STREET, CHICAGO !2. ILLINOIS 
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DESIGN TRENDS 


freezers. As a refrigerator gasket seal, 
the magnetic strip is used inside a 
flexible Koroseal gasket to form an 
airtight seal around the entire perim- 
eter of the door. This eliminates need 
for designing a latch, since the mag- 
netic strip is sufficient to hold the door 
closed. In addition to refrigerator and 
flexible door seals, there is an excellent 
possibility for its use in similar ap- 
plications for cases that can be de- 
signed in irregular shapes. Possibilities 
are projected into design of telephone 
equipment, hearing aids and miniature 
O00 


motors. 


Small 400-Cycle 
Motors Designed 
To Match Loads 


RALPH KRICKER, Chief Engineer 
SYNTORQUE, INc. 

Bearsville, N. Y. 

FOR OPTIMUM PERFORMANCE and eff- 
ciency, motors should be designed and 
selected to suit the requirements of 
the mechanical load to be driven. Small 
induction motors for 400-cycle service 
in particular offer marked advantages 
when they are designed to match their 
loads. 

Fans and blowers are typical of a 
large mechanical loads for 
which little torque is required at low 
speeds and in starting from rest, and 


class of 


in which motor power requirements are 
an exponential function of speed. In 
air-moving devices, for instance, hp = 
KN’*, where N 


constant. For 


is speed and K some 
driving loads of this 


Stoble operation 





Torque 


Fig. 1—Speed/torque curve for an in- 
duction motor to drive a low starting- 
torque load. 


character, optimal motor design is for 
a starting torque which may be less 
than the torque at rated horsepower. 
The advantage of designing and select- 
ing a motor exhibiting this characteris- 
tic for such applications is that the 
motor so designed is characterized bv 
high efficiency and low slip at rated 
load. A torque/speed characteristic of 
a motor designed for this type of service 
is shown in Fig. 1. It may be seen that 
the slope of the curve varies from 
positive at low speeds, through a point 
of reversal at maximum torque, to nega- 
tive in the range of stable operation. 

Stability in a motor-load combination 
is obtained when the motor speed/- 
torque curve exhibits a negative slope 
at the point of operation. It follows 
that a that in Fig. 1] 
is entirely unsuitable for a load that 
demands high starting and low-speed 
torque. For such loads, a curve such 
as in Fig. 2 will offer operating 
stability from zero to maximum speed. 
The motor designer has a choice of 
several internal motor design param- 
which varied to obtain 
this characteristic, so that analysis is 
required to the best 
bination. 


curve such as 


eters can be 


determine com- 


Small Motor Characteristics 


Syntorque Length, in. 
motor (housing | Weight, 


type | less shaft) | oz 


Voltage, 


Torque 


Fig. 2—General form of curve for an in- 
duction motor to give stability over its 
entire speed range, suitable for mechani- 
cal loads in which starting and low- 
speed torques are high. 


Torque 


Fig. 3—Shape of speed/torque curve for 
induction motor for high starting torque 
load, to give stability and also maximum 
efficiency. Note that the curve is vertical 
at zero speed; that is, at maximum 
torque, slip = 1. 


For 


term 


induction motor analysis, the 
“slip” denoted by s is more 
significant and useful than motor 
speed; slip is expressed in terms of 
deviation from synchronous speed. A 
positive value for s indicates that 
motor operating speed is less than 
the synchronous speed for that motor, 
a value of s = 1 meaning zero speed. 
It can be shown that for a motor to 
exhibit high starting and low-speed 
torque, slip at maximum torque (s,,) 
should be equal to unity, and not be 


No load 
speed, 
rpm 


Rating, 
cont. duty, 


400 cycles hp 


Gataitiin — CB19124 214 20 
4 new line of motors developed by Syn- 

torque, Inc., in which optimal pole and 
rotor winding resistances have been com- 
bined to give maximum efficiency with 
stability. The motors employ Teflon in- 
sulated windings and lead wire, and 
meet the requirements of MIL-M-7969A. 





200 volts 0.033 | 11,700 
3 phase 

208 volts 0.053 

3 phase 

4 43 208 volts 0.083 


3 phase | 


11,800 


CC19136 3 | 98 


CE19133 11,800 


Note: Motor diameter = 23¢ in. 
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Dependability 


previously available 


only in high-cost 


G-VR 5 


low-cost th f 
tir 


The sound design, sturdy construction and felt 
associated with G-V Hermetically Sealed Thermal. 
in a low-cost form, fully qualified for industria 
and inexpensive enough for electronic and Com 
Delays of 2 seconds to 3 minutes « Energizing volte 
AC or OC. te 
e RUGGED STAINLESS STEEL MECHANISM 
Relay mechanism is of stainless steel, differential 
used in all G-V Thermal Relays. All parts are. 
integral structure. 
SHATTERPROOF—NO GLASS : 
No glass is used in mechanism, encasing Shell, ¢ 
avoids the danger of cracking or breakage in ham 
STEEL ENCASED HEATERS ik 
Heating elements are conservatively designed, . weal it 
chrome wire on mica and encased in stainless steel, if 
heater life even when energized continuously. 
DUST TIGHT ENCLOSURE , 
A dust tight metal shell completely enclosing the relay mechanism 


and contacts, crimped tightly to the base, provides complete” 


protection for the structure. 


TAMPER PROOF 

Time delay intervals are preset at the factory. Thus changes of 
delay interval in the field which might damage associated equip- 
ment are avoided. 

DIRECTLY INTERCHANGEABLE 

Directly interchangeable with all other octal-size relays. 


Write for Publication 131. 


U.S. PAT. 2,700,084 
OTHER U.S. & FOREIGN PATENTS PENDING 


G-V CONTROLS INC. 
LIVINGSTON, NEW JERSEY 


Available through selected distributors 
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DESIGN TRENDS 


greater than unity for maximum motor 


eficiency. The desired speed/torque 
curve for the motor, then, will resemble 
the general curve shown in Fig. 2 but 
will ideally approach the curve of 
Fig. 3, in which s,, = 1 (that is, the 
curve slope is vertical at zero speed, 
starting torque being maximum torque 
if s,, == 1). This can be demonstrated :* 


slip maximum torque = 


&, = ——______ 


VRE + (Xi + XP? 

where 

R, = stator resistance 

R; = rotor equivalent 
ferred to the stator 
stator leakage 
rotor equivalent reactance re- 
ferred to the stator, at stator 
frequency 


resistance re- 


Xi = 
XY = 


* Electric Machinery, Fitzgerald & Kingsley, p 404, 
McGraw-Hill Book Co., New York. 


The Code Bar Switch, developed by Computer Control 
Company, Inc., Los Angeles, provides a mechanical, hand- 
operated means of converting octal- or decimal-digit infor- 


Octal pushbutton bank 


Weight 4 code bar —_ 


Weight 2 code bar — 
Weight 1 code bar 


Rated speed 


Rated torque 


Torque, in.-0Z 
Motor CBI9I24 


Rated speed 


4 


Torque, in.-0z 
Motor CCI9136 


Rated torque 


Rated torque 


5 0 565 


Torque, in.- 0z 
Motor CEI9133 


20 


Fig. 4—Speed/torque curves of the new Syntorque motors. 


Motor slip s is greater for higher 
rotor resistance, but rotor copper losses 
increase with higher rotor resistance. 
For highest efficiency but retaining 
motor stability, s,, = 1 (Fig. 3), in 
which case: 


os R? 7: ( x? X.)? 


Since R, is usually small compared 
to (X, + X.), particularly for 400- 


cycle motors, let R, = (X, + X,) for 
Sm == 1, as a first approximation. Since 
in general X = 7fL/p, where L is a 
winding inductance and p = number 
of poles, it is apparent that for high 
values of f = frequency, X will be 
high and R, will therefore also be 
high. To keep rotor copper losses 


(Continued on page 198) 


Switch Converts Decimal to Binary Digits 


mation into binary-coded electrical impulses in the form 
of switch contact closures. A cutaway mechanical drawing 
of the switch is shown in the figure. The unit shown is an 


eight-button octal bank with 1-2-4 binary output. Another 
model has ten buttons for a 1-2-4-8 binary output. Operation 
of the switches which supply the output is performed by 
cams actuated by the buttons. A mechanical interlock per- 
mits only one button to be depressed at a time by auto- 
matically releasing any previously depressed button. The 
switch contacts are rated at 6 amp, 30 volts d-c or 10 amp, 
125 volts a-c. Overall dimensions of the unit are 7 x 31% x 
5g in. and the units may be stacked to form a keyboard. 


Weight 2 switch — 


Switch actuator assembly ——~ 


Weight 1 et 


Entry Switch —~ 


OOO 


_ Entry and clearing 
pushbutton 


_-— Pushbutton latch 


~ Clearing bar and 
entry switch cam 


_ Entry switch 
actuator assembly 
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Quality, value and adaptability \ 


ae Cae 


Leading manufacturers* of office machines, vending machines, industrial controls 
and other mechanical and electrical apparatus have chosen Merkle-Korff because of: 


c e eF 
SG-25—Torque range 1.2 to 
30 in. Ibs. at 300 to 1 RPM. 
Durable, best suited for con- 
tinuous lengthy duty. Availa- 
ble in any mounting position. 
Horizontal mounting shown. 


SG-15—Torque range .4 to 
15 in. Ibs. at 800 to 1 RPM. 
Widest range of shaft speeds 
with maximuminitialeconomy. 
Available in any mounting po- 
sition; vertical face mounting 
shown. 


al 
WORE p “s 
2H 


pS \ 


cS 
“>, 
<a. mesa 
So nere 


SG-10—Torque range .6 to 
10 in. Ibs. at 600 to 1 RPM. 
Compact, overcomes space 
limitations. Gives long, trou- 
ble-free service. Horizontal or 
vertical, base or no base. 


Listed torques and speeds are only suggestive of 


what can be furnished. 


i at! om 


WRITE FOR THIS INFORMATIVE LITERATURE 


Quality, guaranteed by precision-hobbed, heat-treated gears 


with tolerances in the order of ten-thousandths of an inch. 


Value, reflecting manufacturing techniques and design principles 


Adaptability, the result of variable assembly of standard components 
, | 


“Names on request. 


Mode! 300, Auxiliary—Torque 
range 25 to 300 in. Ibs. at 10 to 
% RPM. Extra heavy gearing 
with great compactness. 


Closed Model, Auxiliary— 
Torque range 25 to 150 in. Ibs. 
at 10 to % RPM. Heavy en- 
closed gears for applications 
which require minimum atten- 
tion. 


Open Model, Auxiliary — 
Torque range 25 to 100 in. Ibs. 
at 10 to 24% RPM. Especially 
suited for use where substan- 
tial torque at low speeds and 
moderate cost are essential. 


Tandem Reversible—A dou- 
ble stator, 3-lead motor. Has 
greater torque than wound 
shading coil reversing type. 


Wound Shading Coil Revers- 
ible—For specialized control 
problems in instrumentation 
requiring less torque than tan- 
dem reversible models. 


Series or Shunt Wound Motor 
—Series universal wound, 
brush type for use on AC or 
DC, or shunt wound DC only. 


Synchronous Motor—Recom- 
mended for use with SG-15 gear 
case which provides widest range 
of speeds. For instruments re- 
quiring clock time. 


Turntable Model 600—Offers dis- 
play manufacturers wide anima- 
tion possibilities, secondary mo- 
tion. Capacities to 500 Ibs. for sur- 
face mounting; 30 Ibs. for sus- 
pended mounting; 50 Ibs. for ver- 
tical disc display. 


Transmission Units, Models 
PF950 & PF975—High efficiency 
gear reducers. LoweSt cost. 
Standardized design. 222-1 gear 
ratio. Input 1725 RPM, output 8 
RPM. 4% & % HP input and 150 & 
225 ft. Ibs. torque output. 


Form No. 30—General condensed eight page catalog on FHP geared motors 


and auxiliaries, showing dimensions and performance. 


Bulletin No. 1325—Distributors’ stock unit. Complete data on popular Model 


SG-15. Induction motors. Distributed nationally. 


Bulletin No. 1330—Distributors’' stock unit. Complete data on Model SG-15 
Synchronous Motors. Torques from .5 to 15 in. Ibs. at 300 to 1 RPM. 


Bulletin No. 2050—Twenty-four page catalog illustrating “20 Ways to Build 
Display Action" with Merkle-Korff Motiondiser turntables. 


Representatives in Principal Cities 


211 NORTH MORGAN STREET + CHICAGO 7, ILLINOIS 


NOVEMBER 1959 
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DESIGN TRENDS : Ruggedized Miniature Tape Recorder 


down, R, is made minimum to satisfy 
the stability requirement that s,, = 1] 
to give the curve of Fig. 3. If s» is 
made greater than unity, stability will 
still be achieved but rotor resistance, 
and therefore losses, will be greater. 
The natural question is why the 
number of poles. p, can not be in- 
creased to compensate for high fre- 
quency, so that the X factors, and 
therefore R., can be small. This is 
actually done within practical limits. 
More numerous poles increase the 
magnetizing current and _ therefore 
stator losses, and the number of stator 
slots that can be incorporated in a 
small motor is limited for mechanical 
reasons. Numerous stator slots also 
lead to poor space factor; that is, ratio 
of space required for insulation to use- 
ful copper space. 
The foregoing reasoning indicates 
that, for a particular motor design, to 
achieve stability and maximum efh- Reliable operation with low wow and flutter characteristics under severe environ- 
ciency with a given mechanical load mental conditions has been achieved in the design of a miniature tape recorder 
requirement, there is only one correct made by Leach Corporation, Compton, Calif. Developed primarily for airborne 
rotor resistance value. Conforming to and other limited-space applications, the recorder has a tape capacity of 75 ft of 
this purpose, a line of motors has been l-mil Mylar tape providing one minute of recording at 15 in. per sec. The in-line 
developed by Syntorque, Inc., for recording head can be supplied to permit recording up to 7 channels on '%-in. 
which the principal characteristics are tape or up to 14 channels on 1-in. tape. The unit is constructed of lightweight cast 
tabulated. The performance curves for aluminum and utilizes a modular construction for easy replacement of motor, 
these motors, Fig. 4, demonstrate the rollers, recording head, etc. It weighs 24 oz and will withstand a shock of 2000 g 
conformance of the motors to the in any axis and a vibration of 15 g at 5 to 2000 cps. Temperature limits are —65 


stability requirements outlined. © to +200 F and power requirement is 24 volts d-c. oO: G 
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Duty-Cycle Calculations for Wound-Rotor Motors 


Cc. H. BUCHANAN 

Small A-C Motor & Generator Dept. 
GENERAL Evectric COMPANY 
Schenectady, New York 
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IN THE ABSENCE of a set of prescribed 
duty cycles for wound-rotor motors, the 
method of calculation presented here 
allows selection of a motor for any 
duty cycle when only the running load, 
duration of load, accelerating time. 
plugging time, other decelerating time, 
and average accelerating current or 
torque are known. 

This method is based on the reduc- 
tion of accelerations and decelerations 
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to equivalent rms hp, the answer being 
in terms of per cent hp. If a motor 
rating is estimated and the calculation 
performed, the answer will indicate 
whether that motor will be suitable 
and, if a given hp rating is dictated to — ee ae . , ‘ 
obtain the necessary accelerating 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340360 380 400 
torque, whether a short time rated Average accelerating current in per cent of full - load current 
motor would suffice. ee iD = 

Results obtained will be suitable for 100 150 ata = — 
quick and approximate determination Average accelerating torque in per cent of full - load torque 
of short time rating and frame size Per unit heating and factor Kacc in relation to per cent accelerating current and torque. 
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Resolution capability of 
C-73959: 800 TY tines 
per display diameter 

at highlight brightness 
of 100 footlamberts. 


DOUBLE 
THE 
RESOLUTION 


<<. of any known 5" display storage tube 


Typical performance 800 TV-lines resolution per display diameter. 
Latest addition to RCA’s big family of display-storage-tube designs cemeinienanensaameianininetes 
is Developmental Type C-73959. This tube with a display diameter of 3.8” — pone —~ 

is designed specifically for high-resolution performance. It provides a 

resolution of 800 TV-lines per display diameter...approximately double ; peal | 
that of any other known 5” display storage tube. The high resolution a ee | 
together with a writing speed of only 3000 inches per second makes this ee 
type ideal for such data-readout applications as narrow-bandwidth video eee 

and high-resolution, long-range radar displays. At 800 TV-lines resolution ¢.799728 at 
the highlight brightness is 100 footlamberts—a value several times C-739310 [52 J thectrostatie 
greater than the brightness of a TV-receiver screen. — ; ee 


+ + 
C-739644 7% Electrostatic | 


Type 


RCA is the world leader in display-storage-tube development, with a wide crpesee pS) 9 _f_Eecrrontane ft meni | 
variety of designs available. Some types, for instance, can provide displays ad 
having high brilliance, high contrast, and very good half-tone shading. 

You may choose types with single or multiple writing guns, and with overall 

or selective erasure. And there’s a choice of either magnetic or electrostatic 

deflection. Writing speed can be tailored to your specific application. 


INDI A [ 


If you are an equipment designer interested in display-tube applications, 
get in touch with your RCA Field Representative today for full details. 


(FP). RADIO CORPORATION OF AMERICA 


y/e Electron Tube Division Harrison, N. J. 


Another Way RCA Serves Industry Through Electronics 


@ HARRISON, N. J., 415 S. 5th Street, HUmboldt 5-3900 
@ DAYTON 2, OHIO, 224 N. Wilkinson St., BAldwin 6-2366 
e WASHINGTON 6, D.C., 1625 ‘'K"* St., N.W., District 7-1260 


SOVERNMENT SALE 


e DETROIT 2, MICHIGAN 
714 New Center Building, TRinity 5-5600 
@ NEWARK 2, N. J., 744 Broad St., HUmboldt 5-3900 
e CHICAGO 54, ILLINOIS 
Suite 1154, Merchandise Mart Plaza, WHitehol! 4-2900 
@ LOS ANGELES 22, CALIF. 
6355 E. Washington Bivd., RAymond 3-836! 
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Open 
TENV 


Table il 


Frames 
254-326 


364-445 


Table Ill 


Open TENV 


Poles 254-326 364-445 254-326 |364 


4 0.25 0.20 0.55 0 


6 0 30 0.25 0.5 


8 0.35 0.30 


for estimating purposes. A more ex- 
haustive procedure is presented later. 
which shows a refinement of the basic 
method of calculation and which will 
yield more accurate results. 

The procedure to follow in choosing 
a motor is as follows: 

1. Choose a hp rating which offers 
the necessary torque during accelera- 
tion to bring the motor up to speed in 
the Note that torque 
peaks should. in general. be limited to 
200 per cent of full-load torque. Higher 
torque peaks can be tolerated on inter- 
mittent duty, but use of these higher 
torque peaks on high-speed, continuous- 
duty applications may result in short- 
ened motor life and should be avoided. 

2. Determine duty 
particularly 

a. accelerating time 

b. running loads and their duration 

c. time running at no load 

d. plugging time (assumes 200 per 
cent secondary resistance during 
plugging ) 

e. standstill time. 

3. Determine 
torque and current. 

4. Find K,,,. from the curves. 

5. Determine motor enclosure. 

6. Select K,, from the “per unit heat- 
ing equation” given below. 

7. Insert all obtained 
into the per unit heating equation and 


required time. 


cycle, including 


average accelerating 


values above 
solve. 

refer 
again to the curves and find the corre- 
sponding per cent load. 


8. Using answer obtained in 7, 


200 


9. If answer is 


over 115 per cent 


between 


between 


between 


between 
between 


and enclosure is motor will 


TENN 
open 


TENV 


run hot—consider larger motor. 

utilize service factor—OK. 

run hot—consider larger motor, or 
recognize possible decreased mo- 


or open 
100 and 115 per cent 
100 and 115 per cent 


tor life. 
run at approx. rated temperature 
OK. 


run cool 


83 and 100 per cent open or TENN 
use 30 min rated motor. 
use 15 min rated motor. 


open or TENV 
open or TEN\ 


67 and 83 per cent 


60 and 67 per cent run cool 


per unit heating 


(Kee XE 


w here 


Kae: 
Kus 


‘ F _ frun hm \2 . _ { run hp ) | 
ace) +(0.8 Xl prug) + [o 3+0.7 (= = =) |! [» 3+0.7 (a = t 


CK oe Xt) +0. O(lace tlaec) tH the +... 


= constant obtained from curves 
0.55 for TENN 


0.25 for open 


= constant = 


= standstill time 


- = accelerating time 


f, 
ty 
bit 


For more exact estimating. 


= decelerating time, regardless of method of deceleration 
plugging time 

= time motor runs at hp; 
time motor runs at hp» 
time motor runs at no Joad 


the following should be used: 


per unit heating 


CK gee X lace) +(0.8 Xt + [A LK (epee | 
rated hp 


where 
Ki ce 
Ky 
Ay 
a 


Kaa = 


to 


Procedure: 


Steps 1 and 2 the same as above. 


tau a (Sanat) 


CK oe Xlo) + Kaa (lace thie) Hh +h + ©. «bi 


= constant obtained from the curves 
= constant obtained from Table II 
constant obtained from Table II 
= constant obtained from Table III 
eonstant obtained from Table | 
standstill time 
= accelerating time 
decelerating time, regardless of method of deceleration 
plugging time 
time motor runs at hp, 
time motor runs at hpe 
time motor runs at no load 


9. Determine accelerating 
torque and current. 


10. Find K,,, from the curves. 


average 


over 115 per cent 
between 
between 


between 


between 67 and 83 per cent 
between 60 and 67 per cent 


3. Determine motor enclosure. 

1. Find K,, from Table I. 

5. Determine motor frame size. 

6. Select K,,, and K, from Table I!. 
7. Determine number of poles. 


8. Select K,. from Table ITI. 


13. If answer is 
TENV 
open 


TENV 


100 and 115 per cent 
100 and 115 per cent 


83 and 100 per cent 


and enclosure is 


or open 


open or TENV 


open or TENV 
open or TENN 


11. Insert all values obtained above 


into per unit heating equation and 
solve. 

12. Using answer obtained in 11, 
refer again to the curves and find the 


corresponding per cent load. 


motor will 


run hot—consider larger motor. 

utilize service factor—OK. 

run hot—consider larger motor. or 
recognize possible decreased mo- 
tor life. 

run at approx. rated temperature 

OK. 
run cool—use 30 min rated motor. 
use 15 min rated motor. 


O00 


run cool 


ELECTRICAL MANUFACTURING 





A Remarkable Development in 


VARSIE 


SUPER HIGH-STR 
SEMI-CURED SILI¢ 


FOR 
ys MOTOR COILS + CABLES 


Ni 
MECHANICAL TUBING 
STRENGTH 


ae we 
"eee we - 


-_—— = = 
ne 
os 


HIGH 
~f DIELECTRIC 
. STRENGTH 


HIGH 
BONDING 
STRENGTH 


. Excellent Power Factor » 
~ - 


-~ _ 
~<a 


There’s nothing better than NJW’s new 
VARSIL SR1050 for rugged Class H applica- 
tions! It’s the best bonding tape of silicone rub- 
ber on glass cloth...The exceptionally tight 
bond and good flow of rubber means no voids — 
maximum dielectric strength. 


BOND STRENGTH vs SHELF LIFE 
SILICONE RUBBER COATED DACRON- 


ALSO AVAILABLE — VARSIL SR1050 on Dacron-glass com- GLASS CLOTH 


bination cloth, with just the necessary stretch for excellent | =< Fone 
conformity (keeping volts-per-mil-high). Unusual flow of rub- _| | | | two sipes coateo 

ber during vulcanization eliminates voids and assures good |_| |__| tHiekNess: 20 MILS 
bonding strength. Outstanding shelf life too, (see chart). Try it | | SILICONE “"VARSIL" SR 1050 
for that special job which demands the highest quality tape. 


POUNDS /INCH 


@ Available single or double faced. M& Agents in principal cities. 
@ Complete test data free samples available, on request. 20 30 40 50 60 70 
DAYS OF SHELF LIFE “6 


NEW JERSEY WOOD FINISHING COMPANY 


MANUFACTURERS OF FLEXIBLE ELECTRICAL INSULATION « WOODBRIDGE, N. J. 


VARNISHED CAMBRIC CLOTH AND TAPES ¢ VARNISHED "FIBERGLAS"t CLOTH ANO TAPES ¢ VARNISHED SILK ANO SILK SUB- 
STITUTE @ SYNTHETIC RESINOUS TAPES AND EXTRUDED TUBING ¢ POLYETHYLENE, SHEETS, TAPES AND EXTRUDED TUBING 
® CABLE WRAPPING TAPES @ "'VARSIL" SILICONE VARNISHED "FIBERGLAS"t CLOTH AND TAPES @ "VARSLOT’ COMBINATION SLOT 
INSULATION: -RAG PAPER AND VARTEX VARNISHED CAMBRIC ¢@ FISH PAPER AND VARTEX VARNISHED CAMBRIC @ RAG PAPER AND 
“MYLAR'® POLYESTER FILM @ ASBESTOS PAPER AND "MYLAR''* POLYESTER FILM © KRAFT PAPER AND "MYLAR''* POLYESTER FILM 
® VARTEX VARNISHED "FIBERGLAS''f AND "'MYLAR'* POLYESTER FILM ° SPECIAL COMBINATIONS AVAILABLE UPON REQUEST 


*mylar, DuPont's registered trademark TFibergias, Owens-Corning Fibergias registered trademark 
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MOTORS 


solve your power problems with 


better performance at lower cost. 


Ever since Alliance originated the cost-cutting rim 
drive phonograph motor (in 1938), it has helped 
manufacturers build better products at lower cost. 

Because of its advanced research and engineering 
—as well as its large-scale production—Alliance 
gives you more for your money. Alliance motors 
power leading makes of business machines, remote 
control and timing devices, phonographs, household 
appliances and many other products. 

Shown on this page are just a few models from 
the complete Alliance line—available from stock or 
made to order. 


Write for complete catalog and quantity prices. 


Model B—an extremely quiet mo- 
tor used in tape recorders, fans 
and other applications. 1/35 to 
1/90 H.P. 


Model JSG—an extremely quiet 
gear train motor, made to order 
for TV tuners, rotisseries, remote 
controls and other applications. 


Model JPQ—four-speed phon- 
omotor with turntable. Used 
in stereophonic and stand- 
ard record players. 


Circle 188 on page 17 


Accelerometers 
And Their Characteristics 


(Continued from page 124) 


Because the accelerometer is pendulous, the gain of 
the servo must be high in order to keep crosstalk within 
acceptable limits. Also, since motor angular velocity is 
proportional to linear acceleration, it follows that the 
motor’s angular position is proportional to linear velocity. 
Thus the device is a self-integrating accelerometer and 
desired output may be obtained by use of an appropriate 
pickoff. 

An accelerometer which uses a motor in a rather in- 
teresting way is shown in Fig. 14. A gimbal is sup- 
ported in bearings within the accelerometer case and a 
signal generator is present to convert the mechanical 
error into an electrical signal. The gimbal also is pen- 
dulous and supports the stator of a motor. The rotor 
of the motor is free to turn within the gimbal and torque 
to restrain gimbal motion is transferred across the motor 
air gap when the servo amplifier receives an error from 
the signal generator. The following terminology will be 
used (already-defined terms which apply are not re- 
peated) : 


a = position of gimbal with respect to case, rad 


¢@ = position of motor rotor with respect to outer accelero- 
meter case, rad 


gimbal plus stator inertia about axis of rotation, gm-cm? 

inertia of motor rotor, gm-cm? 

motor armature current, amp 

= voltage applied to motor armature, volts 
The block diagram of the accelerometer is given in Fig. 
15 and contains the same gimbal transfer function as 
previously developed for the system of Fig. 13. In finding 
the transfer function for the motor, the armature cir- 
cuit inductance is neglected and the basic equation is 
written: 
E = iR+ krp(a + ¢) (21) 

The torque developed in the motor is equal to the product 
of the current and the torque constant which, when 
solved for current, is 


(2 DS] 


This same torque, developed across the airgap, acceler- 
ates the rotor inertia and also overcomes the gimbal 
inertia and damping: 

= Jrpo’d = Jap’a + Boa (23) 
Equation (23), when solved for a, becomes: 


24) 


Equation (24) and the first part of Eq (23) may now 
be substituted into Eq (21) with the help of Eq (22) 


to produce the motor transfer function: 


@ (J,/B) (o) +1 " 
Ey PInJR 4 ( JeR Ie th, ” 
vp K.K.B°” KK, * B p+1] 
The torque which is compared with the input-order 
signal torque is also expressed by the first part of Eq 
(23) and the block diagram is completed. 


If time constants are ignored and the servo gain ¢/T, 


ELECTRICAL MANUFACTURING 





is represented by the constant G, the closed-loop trans- 
fer function may be written: 


QP G p" ' G (26) 
“Ma.  (G\,, » #(1.+.GJr) , 
- ty ( “) (Jno?) * ' 


Solving for transfer function relating angular accelera- 
tion of motor to linear acceleration input: 
ph MUG 


_ 97 
a 1+GJpr — 


If the servo gain is large: 


pd _ Ml (28) 
a Jr 


Thus the angular acceleration of the motor is propor- 
tional to the linear acceleration of the device along its 
sensitive axis. Furthermore, angular velocity of the 
motor is proportional to linear velocity of the device, 
and angular position of the motor is proportional to the 
linear distance the device has travelled. This instrument 
may now be called a double-integrating accelerometer 
and velocity or position information may be directly 
acquired if the proper pickoff device is selected. O00 


Value Engineering 
As a Factor in Product Design 


(Continued from page 180) 


way I have always done it, this is the way I am going 
to do this job, and I will be damned if any young whip- 
per-snapper of an engineer is going to tell me how to 
do it.” Then we have two frustrated engineers and if 
their respective supervisors are not fully aware of the 
situation, someone could very easily get a busted nose 
in the ensuing argument. Older men are not always 
stubborn and bull-headed, but they do very often resent 
youth. In situations such as these, an older man in the 
value-engineering group can carry the ball, or at least 
tell his older associates, “Don’t knock it till you try it.” 

The two extremes cited make the situation look hope- 
less. However, value engineering can be a most lucrative 
addition to any company. Management has to make 
known that they consider no one to be omniscient, that 
both the design engineer and the value engineer have 
a job to do and that management expects the value en- 
gineer to be able to improve on the design engineer’s 
work, costwise. Management also has to let the design 
engineer know that he is responsible for the performance 
of the equipment, and not its ultimate cost. (This does 
not mean that the D.E. can “beg off” on cost. (Design 
engineers do not have time to go into the field of value. 
and if they do, they are not working at their design 
job. This is particularly true in military contract work 
where it is a constant battle to meet schedules. It should 
become apparent that the design engineer and the value 
engineer form a team. If this team is successful, the 
company will continue to prosper; if it is not successful, 
it is just a matter of time before everyone is out of a 
job. O00 
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No more Lugging or Looping 
with NEW Clamp Design 


CURTIS Type “RT” 


Insert — 
Tighten! 


@ New Curtis Build-up design. 


© Clamp Type Connectors. Curtie Terminal 


Blocks Make 
@ Exceptionally resistant to vibration. Better 


Connections 
®@ Available 1 thru 20 Terminals. Sootenianty— 
i ; t 
@ For No. 12 to No. 18 stranded, or No. ee 
20 solid AWG. purpose. 
Rated 35 amperes, 750 volts. 


Write for Literature. 


(TL GARE E ome) 


3222 N. 33rd Street, Milwaukee 16, Wisconsin 
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NeCW...electric 
clutch-pulley 


e/ectric motion 
contro/ 


poy a. Fe) 


package 


Armature 


drive pin Magnet 


mounting hub 


Shaft extension 


Bearing-mounted 


drive sheave . Clutch 
> magnet 


Clutch 
armature 


Warner Electro-Sheave 


Modernizes machine drives and controls—fits all standard NEMA 
motors. Direct, low-cost method of converting to fully automatic 
or remote control. Fastest way to cycle a machine drive, with 
motor running continuously. Operates at any speed. Reduces 
motor wear and power consumption. Smooth, adjustable accelera- 
tion. Simple to install. Five sizes, from 1 to 25 hp, available off- 
the-shelf from all Warner distributors. Write for Bulletin P-52. 


I 
Hi Vaai8 | Warner Electric Brake & Clutch Co. 
Beloit, Wisconsin 
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ASKING 
COMPLETE REFERENCE ON ALL GLOW LAMPS 


This compact file folder is a total reference, with all 
electrical and physical specs on a complete line of stable 
and brighter miniature glow lamps. Of extra value to 
electrical manufacturers because it includes information 
on lamps for indication or electronic purposes. Will give 
insights for additional selling features, efficiencies and 
economies in your own designs. For your copy write or 


INCORPORATED 


PRospect 5-2490 


KANTHAL SUPER 


Unique molybdenum disilicide furnace 
elements outlast silicon carbide at least 
four to one above 2700°F, saving sub- 
stantially on down-time. For continu- 
ous or intermittent operation in oxidiz- 
ing and most protective atmospheres. 
Elements operate to 3100°F (1700°C) 
when freely suspended or to 2900°F 
(1600°C) when supported horizontally. 


Kanthal Super does not age, and tem- 
peratures can be held without com- 
pensating adjustments. 


Kanthal Super elements are available 
separately and in furnaces from all 
prominent manufacturers. Write for 
list and brochure today. 


3 Amelia Pl., Stamford, Conn. 


Poa KANTHAL corrorarion 
rd 


Can. Rep., Ferro Enamels, Ont., Can. 
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Random-Wave 


| Vibration Testing 


(Continued from page 175) 


| perhaps, in the case of a purely mechanical failure. 
| After random-vibration tests have indicated the presence 
| and apparent nature of the vibration problem, sine- 


wave vibration tests are used to pinpoint the particular 


| malfunction. In the case of very simple components, it 


is possible to derive a sinusoidal test for evaluating 
the response of the component to the random environ- 


| ment. 


This technique is restricted to components with pre- 


| dictable response characteristics that permit the engineer 


to establish a correlation between sine- and random-wave 


| factors. For complex components and systems, random- 


wave vibration tests with accurate estimates of the actual 


| environment must be used. 


Dealing in most cases with aircraft and large missiles 


| and the related internal equipment, North American 


Aviation Missile Division Laboratory, Downey, Califor- 
nia, first determines the nature and sources of vibration 
forces within the vehicle itself, such as engines, rotating 


| machinery and actuating mechanisms, and those vibra- 


tions attributable to the motion of the vehicle. The ac- 
celerations and frequencies of vibration at different 


| stations in the airframe system are determined for the 
| entire flight envelope. These form the basis of the vibra- 


tion specifications for the system. 
The airframe system and related equipment are sub- 


| jected to the predicted vibrational environment to check 


out the analytical predictions. Any adverse reactions to 
the vibrational forces are detected, and modifications in 
both specifications and actual design are then incor- 


| porated to insure satisfactory performance and reliabil- 


ity. 
North American’s vibration facility is used to fulfil 
a wide range of test programs, including the flight proof 


| test which qualifies components for incorporation into 


flight vehicles. The design proof test is a most severe 
program instituted just prior to production. Each design 
change requires a new design proof test. Full dynamic 


| testing under combined environments throughout the 
| production program constitutes the qualification verifi- 


cation test. 
The emphasis on reliability of aircraft and missile 
systems established the importance of the reliability 


| test, which consists of extensive tests of the component, 
both in quantity and quality. Data from the tests are 


used to establish reasonable assurance of the reliability 
level of the system. 

Lack of agreement in industry over suitable definitions 
for random-wave testing, and instrumentation problems 
involved in accurately analyzing the actual conditions 
at the shaker and within the equipment under test con- 
stitute two of the major obstacles to fully utilizing the 
benefits of random-wave testing techniques. 


Testing Capabilities 

As environmental conditions become more severe and 
missile systems more complex, the trend in vibration 
testing is to more accurate reproduction of the condi- 


| tions the missile and its components will encounter. The 
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reaction of a large and complex missile system to vibra- 
tional loading can be considerably different from that 
of any one portion or component of the system. There- 
fore, it will be necessary to increase the capabilities of 
the vibration test equipment both with regard to the 
frequency range and the force available at the output. 
Ideally, each missile system will be tested as a complete 
unit in a simulated environment duplicating not only 
the vibrational conditions, but also the temperature, 
pressure and other conditions. 

Foremost in the efforts to increase test equipment 
capabilities are developments which will lead to more 
efficient shakers. These developments are aimed at im- 
proving the operation of existing electrodynamic shakers 
at higher frequency and load conditions and under more 
strenuous pressure and temperature environments. At 
the same time, development work is being directed 
new concepts in shaker design and construction. 

One new area of endeavor is the use of acoustical 
testing techniques, in which the missile and its compo- 
nents will be battered by sound waves. Since sound-wave 
coupling is rather inefficient, the missile will be placed 
in resonant chambers to make use of the resulting rever- 
berations to reinforce the general waves. This area 
of testing is becoming increasingly important as the 
sound levels of rocket engines and aerodynamic tur- 
bulence increase to the point where they can physically 
damage missile structures and components. 

In the attempt to solve the many problems arising 
from vibration encountered in missile flights, a great deal 
has been learned of the basic nature of dynamic forces 
and their effects. The application of this knowledge is 
not restricted to airborne and spaceborne vehicles. A 
great number of industrial problems can be attributed 
to the dynamic forces encountered by manufacturing 
equipment and the resulting commercial products. 

Under the regime of electronic control systems, ma- 
chine tools are expected to maintain accuracies and to 
perform complicated machining tasks far in excess of 


the capabilities of manually operated machines. To ac- | 


complish these tasks under shock and vibration condi- 
tions existing during most manufacturing processes, 
machine-tool designers are incorporating many of the 
vibration isolation techniques developed for missile sys- 
tems. In addition, the machines themselves are being 


analyzed for sensitivity to dynamic forces by use of | 


testing programs which are outgrowths of missile test 
programs. OOO 
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Postcard return cards are provided on pages 
17 & 19 as a convenience to the reader in 
obtaining — 

New Components and Materials 
Additional data from the supplier of any 
item reviewed. 

Literature for the Design Engineer 
A copy of any manufacturer’s publication 
reviewed. 

Feature Article Reprints 
Single copies of selected feature atricles. 








BOWMAR 


PRECISION) SERVO 


Bowmar designs and manufactures all types of precision 
geared components, assemblies and packages for all 
types of precision control systems. Dozens of semi- 
standard speed reducer and gearhead sizes are offered 
in most ratios; but these types may be altered, or entirely 
new types can be developed to fit new requirements. 
Typical of many Bowmar designs currently being 


manufactured — — 


TWO SPEED GEARHEAD X-709. Unit 
shown has speed reductions of 2400:1 
and 24000:1 for fast approach and 
slow zeroing. Unit is electrically 
actuated and is completely self con- 
tained. i man Wi - 
signs curren eing manufactured. 


PRECISION MINIATURE SPEED RE- 
DUCER 1062. Standard ratios to 
4000:1. Starting torque: .005 in.-o07.; 
Load torque: 25 in.-oz.; Backlash: 45 


min. max.; Diameter: 1.062 in. ah 
n wmar designs currently 
eing manufactured. 


PRECISION SERVO MOTOR GEAR- 
HEAD 750-GH (with housing). Stand- 
ard ratios to 2000:1; Starting torque: 
005 in.-oz.; Load torque: 5 in.-o7z.; 
Backlash: 30 min. max.; Diameter: 


750 in. Ts of many Boamat 
designs curren eing manufactured. 


CONCENTRIC SHAFT SPEED REDUCER 
X-530. Single ended unit has optional 
internal slip clutch set to customer 
requirements. Most ratios available. 
Starting torque: .01 jn.-oz.; Back- 
lash: min. max.; Diameter: 1.062 


in. Lipical of many Bowmar designs 
currently eing manufactured. 


SEND NOW FOR DATA PACKAGE NO. 1158 
INSTRUMENT CORPORATION 


8000 Bluffton Road © Fort Wayne, Indiana 


Advertised Products 
More information on any product or serv- 
ice described. 
REPRESENTATIVES IN PRINCIPAL U. S$. AND CANADIAN CITIES 
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Association Activities 


Selected Abstracts from 


Electrical Insulation Application Conference 


[HE FOLLOWING ARE ABSTRACTS of 
some of the papers to be presented 
at the Second Annual National Confer- 
ence on the Application of Electrical 
Insulation to be held at the Shoreham 
Hotel, Washington, D. C., December 
8-10, under the sponsorship of ATEE 
\IEE and NEMA: 


® “Evaluation of Impregnating Var- 
nishes for 220 C Transformers,” D. H. 
Briggman and G. I. Duncan, General 
Electric Co. This paper describes the 
evaluation of several organic and sili- 
cone varnishes in a transformer insula- 
transformer 
models were impregnated with these 


tion system. Dry-type 
varnishes and thermally aged. Mechan- 
ical vibration and exposure to moisture 
were included in the test cycle. 

e “C-Oil Applications in Electrical 
Insulation.” H. Clark and R. G. Adams, 
Isso Research and Engineering Co. 
The characteristics of a new thermo- 
setting resin, C-Oil, are described. Its 
properties include high resistance. low 
less factor. low water absorption, high 
electric strength and good arc resist- 
ance. Methods for using the resin in 


various electrical applications are dis- 
cussed. Data are paper-, 
cloth-, and glass-reinforced laminates. 

e “Development and Evaluation of 
Insulating Systems for D-C Machines.” 
W. B. Penn, General Electric Co. This 
paper describes the development of a 
prototype testing of 
layer-wound, or pre- 
cision-wound field coils on simulated 


given for 


proc edure for 
random-wound, 


pole fixtures. 

Magnet-Wire 
Insulations and Epoxy Encapsulating 
Resins,” Henry Lee, The Epoxylite 
Corp. This paper reviews AIEE, 
ASTM, NEMA and MIL test proce- 
dures on magnet wires, motorettes and 
motors with regard to accelerated in- 


e “Compatibility — of 


sulation system testing, and presents 
data obtained by the “potted twisted 
pair” technique. The data show sig- 
differences — in 
service life between the various epoxy 


nificant extrapolated 
systems. 

e “Testing and Evaluating Electri- 
cal Insulation for use in Rotating 
Electrical Machinery.” H. V. Howe, 
Continental-Diamond Fibre Corp. This 
paper covers the testing and evaluation 


Circuit Theory Program Announced 


The program of the Fourth Midwest 
Symposium on Circuit Theory to be 
held in Brooks Memorial Union, Mar- 
quette University, Milwaukee, follows: 


Tuesday, December 1 


e Session I—9:00 A. M.: Analysis 
of Networks (Chairman, Ray Wain- 
Goodall Electric Corp.)—“A 
Primary and Secondary Aspect of the 
Equations of Electric Networks,” Dr. 
M. B. Reed and L. M. Wolla. Dept. of 
Michigan State 
sitv: “Determination of Transient Re- 


wright 


Flect. Eng., Univer- 
sponse in Electric Circuit Analysis by 
Use of Mikusinski’s Operational Analy- 
sis.” Dr. K. D. Struthers and Dr. T. J. 
Higgins, Dept. of Elect. Eng., Uni- 
versity of Wisconsin; “Axiomatic For- 
mulation of Circuit Analysis.” Dr. W. 
M. Brown, Dept. of Elect. Eng., Uni- 
versity of Michigan. 

e Session II—1:30 P. M.: Realiz- 
ability and Synthesis (Chairman, Prof. 
\. B. Macnee, Dept. of Elect. Eng.. 
University of Michigan) — “Simplified 
Formulation of the Properties (Foster 
and other) of the Driving-Point Imped- 
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ance of LC Networks,” L. C. Wilcox 
and Dr. M. B. Reed, Dept. of Elect. 
Eng.. Michigan State University; 
“Low-Q Filters,” Prof. R. O. Rowlands, 
Ordnance Research Laboratory, Penn- 
svlvania State University; “Synthesis 
of Grounded Two-Terminal Pair RLC 
Networks,” Dr. S. L. Hakimi, Dept. of 
Elect. Eng., University of Illinois: 
“Passive Network Synthesis by a 
Matrix Transformation,” R. P. Schuh, 
Engineering Experiment Station, Ore- 
gon State University; “An Extension 
of Prony’s Method to Frequency- 
Domain Approximation,” J. B. Cruz. 
Dept. of Elect. Eng., University of 
TIlinois. 


Wednesday, December 2 


e Session IIT—8:00 A. M.: From 
{nalysis to Design (Chairman. Earl 
W. Hobbs. McDonnell Aircraft Corp.) 
—“A Useful Extension of the Nyquist 
Criterion to Stability Analysis of Multi- 
loop Feedback Amplifiers,” Dr. B. R. 
Meyers, Dept. of Elect. Eng... Uni- 
versity of Waterloo, Canada; “Topo- 
logical Consideration of the Realizabil- 


of motor and generator insulation pro- 
duced from mica, silicone, rubber, 
Teflon, laminates, vulcanized fiber and 
various varnished reinforcements. 

e “Evaluation of impregnating Var- 
nishes,” R. E. Kincaid, Dow Corning 
Corp. This paper outlines a complete 
evaluation program for electrical var- 
nishes. Emphasis is placed on simple 
tests which can be utilized by varnish 
users, 

e “Production \ pplications of 
Epoxy Resins to Field Coils,” S. A. 
Williams, John C. Dolph Co. This pa- 
per outlines the application of two 
new resins and discusses life tests. 

e “Innovations in Motorette and 
Fieldette Testing as Developed by the 
Elliott Company.” D. A. Addison and 
W. G. Stiffler, C-W Plant, Elliot Co. 
Div. of Carrier Corp. This paper de- 
scribes tests and deviations from ATEE 
510 and 511. Included are newly devel- 
oped methods for testing encapsulated 
systems and formed coils. 

e “A Survey of the Recent Develop- 
ments in High-Temperature Electrical 
Insulation for Rotating Equipment,” 
J. C. Davis and J. T. Wilson, The 
Louis Allis Co. A discussion of the 
performances of electrical conductors 
at ambient temperatures of 800 F and 
above is presented. Practical problems 
of assembling suitable insulating mate- 
rials into rotating electrical machinery 
are reviewed, and factors governing 
choice of materials are discussed. 

e “High-Temperature Magnet-Wire 
Insulations,” S. O. Dorst and H. F. 

(Continued on page 208) 


itv of a Communication Network.” Omar 
Wing. Dept. of Elect. Eng., Columbia 
University: “Approximations to Wiener 
Optimum Filters and Predictors,” Dr. 
F. J. Beutler. Aeronautical Engineer- 
ing Dept.. University of Michigan: 
“Design Switching 
Cirenits Using the Iterative Configura- 
tion.” D. L. Epley. Dept. of Elect. 
Eng.. University of Illinois. 

e Session TV—1:30 P. M.: Active 
Vetworks (Chairman, Prof. M. B. 
Reed. Dept. of Elect. Eng., Michigan 
State University) -—‘Recent Advances 
in Active Network Synthesis,” Dr. M. 
FE. Van Valkenburg, Dept. of Elect. 
“Multi- 
Terminal Representations in the Analy- 
sis of Control Systems,” R. C. Dubes, 
Dept. of Elect. Eng., Michigan State 
University; “Multi-Terminal Represen- 


of Combinational 


Eng.. University of Illinois: 


tations in the Analysis of Electronic 
Circuits,” D. P. Brown and J. J. Lang, 
Dept. of Elect. Eng., Michigan State 
“The Analysis of Large 
Systems Using Subsystems as Com- 
ponents.” Dr. W. A. Blackwell and 
H. K. Kesavan, Dept. of Elect. Eng., 
Michigan State University. 


University; 
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RELIABLE 

MULTI- 

PURPOSE 
“K” SERIES 


LARGEST FACILITY IN THE WORLD FOR PLUG RESEARCH- DEVELOPMENT- MANUFACTURE C 


K STANDARD 


TBF-K 


FOR AIRCRAFT, ELEC- 
TRONIC, INSTRUMENT, 
MILITARY, MISSILE, IN- 
DUSTRIAL AND COM- 
MERCIAL APPLICATIONS 


Standard K and RK ..in straight 
and angle 90° plugs with wall 
mounting receptacles. Conduit 
and clamp entry types. 1 to 110 
contacts in 250 different insert 
arrangements. 10, 15, 30, 40, 60, 
80, 115 and 200 amp. silver plated 
brass on copper contacts. High 
quality phenolic, melamine, and 
formica insulators. Cadmium- 
plated aluminum alloy shells. 
Flashover voltages: 110 to 5000V, 
60 cps ac rms. 


KH-RKH 


“> 


FOR USE UNDER CRITICAL 
PRESSURE AND LEAKAGE 
CONDITIONS— Hermetic ally 
sealed plugs with steel shells, 
steel contacts, and Canseal glass 
insulators for true hermetic seal- 
ing. Electro tin plating over cad- 
mium plate over copper flash 
provides highly receptive surface 
for soldering and corrosion re- 
sistance. 


FOR FLUSH OR SEMI- 
FLUSH MOUNTING—Cannon 
RK Plug assemblies are 
equipped with an external 
threaded coupling nut which is 
the reverse of the standard K 
Series. Note: RK will mate only 
with RK's. 


FOR CARRYING CIRCUITS 
THROUGH BULKHEADS 


Cannon TBF-K Bulkhead Plugs 
feature a double-faced construc- 
tion allowing mating at both 
ends. Pin inserts. Single piece 
shell. 


RLKL-LKL 


FOR TV AND OTHER 
PANEL S WITCHING 
OPERATIONS~ Quick con- 
nect and disconnect RLKL Plugs 
are designed for one-hand fast 
disconnect use on TV station 
program switching panels and 
similar type operations. Feature 
a quick coupling means. Latch- 
lock secures plug to mated fitting 
(RLKL receptacle). Thumb pres- 
sure releases it. 


FW-K FWR-K 


FOR OPEN FLAME PRO- 
TECTION AGAINST HIGH 
TEMPERATURES —Cannon 
K Firewall Plugs are available in 
straight and angle 90° shell types. 
Wall mounting receptacles also 
available. Phenolic or fireproof 
inserts of glass-filled materials. 
Cannon 
originated the firewall connector 
and continues to be the leader 


Crimp type contacts 


in this important field 


SK-M7-21C 


FOR USE IN TELEPHONE 
‘“‘BEEPER" AND SIMILAR 
APPLICATIONS widely 
used on telephone recording 
units known as ‘‘beepers "’ 
Adaptable for other similar ap- 
plications 


K ACCESSORIES—cannon 
K Series Accessories include 
Straight and Angle 90° Junction 
Shells, Dust Caps, Bonding 
Rings, Gland Nuts, Clamps, and 
Dummy Receptacles to hold and 
protect plugs when not in use. 


Cannon has available a wide 
variety of other Plug designs 
FOR EVERY CONCEIVABLE AP- 
PLICATION... including aircraft 
and electronic Plugs conforming 
to Specification MIL-C-5015D; 
Unit-Plug-In Rack/Panel and 
Modular; Audio and Low-Level 
Circuit Plugs; Miniature and Sub- 
Miniatures; Coaxial RF Series 
Plugs, Printed Circuit Plugs; GM 
Plugs and Cannon Plug/Harness 
Systems: “‘Kwik-Term" Termi- 
nals and DC Solenoids. 


FOR ADDITIONAL INFORMA.- 
TION on the typical designs 
illustrated...other configura- 
tions for your specific applica- 
tions...or the design, engineer- 
ing and manufacture to your 
special needs... writetoCannon 
Electric Company —3208 Hum 
boldt Street, Los Angeles 31, 
California. Please refer to Dept. 
500. 


. 
anes 
mm MERICO 


Factories in Le Angeles, Santa Ana Salem, Toronto, London, Paris, Melbourne and Tokyo Distributo ntative 1e Principal Cities of the World 
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Flange or 
Threaded Bushings 


VULCAN 


IMMERSION 
HEATERS 


Vulean Electric Tubular Im- 
mersion Heaters offer a choice of 
flange or threaded bushings; bayo- 
net type, side or bottom outlet; 
copper, steel, stainless or alloy 
sheath; single or three phase; 500 
to 10,000 watts (or _ higher); 
120, 240, 480 volts (or higher); 
pressures up to 3500 psi. 

Vulcan Immersion Heaters are 
ideal for heat transfer to all types 
of liquids water, oil, wax, par- 
affin, asphalt, tars, etc.; in tanks, 
boilers, urns, kettles and other con- 
tainers. 

Send coupon for complete informa- 
tion. 


ELECTRIC 
COMPANY 
Danvers, Mass. 


Cartridges « Strip ¢ Tubular «© Immersion 
Electric Heaters * Soldering and Branding Irons 
Solder and Glue Pots 


VULCAN ELECTRIC COMPANY, Danvers 2, Mass 


Please send catalog and prices on Vulcan 
Immersion Heaters. 


Name & Title 

Company 

Street & No 
City & State 
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| cal insulating 


| Puppolo, Sprague Electric Co. Plated 


and ceramic-coated copper magnet 
wire, utilizing Teflon and silicones to 
improve handling properties, are de- 
scribed in this paper. Field experiences 


| on wire for 200 to 300 C applications 


will be reported. 

e “Thermal Life Studies of a New 
High-Temperature Coated Fabric,” R. 
S. Armstrong and T. A. Bombicino, 


| General Electric Co. This paper covers 


the evaluation of a new varnished 
glass cloth by the suggested ASTM 
curved electrode test procedure, using 
the dielectric breakdown method. The 
material has a thermal life of 30,000 
hr at 155 C. 

e “Insulation System for Low-Volt- 
age, Very Low-Speed Rotating D-C 
Equipment,” J. S. David, General Elec- 


| tric Co. This paper explains how prior 


knowledge of the requirements of 
equipment capable of operation in the 
Class B temperature range enabled 
one manufacturer to select proper ma- 
terials. 

e “Considerations in the 
tion of Silicone-Rubber Insulation 
Tapes for Form-Wound Coils,” W. 
Lynch, Moxness Products, Inc. This 
paper discusses advantages, illustrates 


Produc- 


| two methods of production of unsup- 


ported silicone rubber tapes. describes 
the effects of extreme environmental 


| conditions and mentions future develop- 


as higher modulus and 
radiation cure. 

e “Bondable Silicone-Rubber Tapes 
with Improved Dielectric and Physical 
Properties.” R. A. Ward and J. W. 
Wetzel, General Electric Co. A series 
of supported and unsupported electri- 
tapes is described. 
techniques used include 
irradiation. The 
tapes may be applied to the electrical 
equipment field as well as in cable. 

e “Developments in Silicone Rubber 
for Application in New Insulation Sys- 
tems.” J. E. Rogers, Union Carbide 
Corp. This paper covers insulation re- 
sistance, electric strength, dissipation 
factor, breakdown voltage and_physi- 
cal properties of self-adhering silicone 
rubber and silicone-rubber dispersions. 

e “Application of Silicone Rubber 
in High-Voltage Electrical Rotating 
Equipment,” G. Betzhold, Allis Chal- 
mers Mfg. Co. This paper describes 
original uses and applications of sili- 
cone rubber in rotating equipment for 
voltages over 5000. 

e “Thermal Endurance of Epoxy 
Encapsulated Magnet Wire,” E. W. 
Daszewski, Essex Wire Corp. Thermal 
aging data regarding the mechanical 
and chemical compatibility of seven 
magnet-wire insulations with six rep- 
resentative epoxy encapsulants are dis- 
cussed. 

e “Epoxy 


ments such 


>» . 
‘e y 
Proce ssing 


high-energy electron 


Insulation for Field and 


| Rotor Coils,” P. Lonseth, Canadian 


General Electric Co. The development 
of an insulation system of wirewound, 
epoxy-resin filled coils is described, 
with subsequent modifications and im- 
provements. 

e “Comparative Properties of Filled 
Epoxy Electrical Potting Compounds,” 
M. C. Reed, Bakelite Co. This paper 
consists of techniques and results of 
testing the properties of epoxy formu- 
lations filled with mica, silica, zirco- 
nium silicate and hydrated alumina. 
Emphasis is placed on handling char- 
acteristics, electrical and __ physical 
properties. 

2 “MK Coated Fabrics,” R. V. Einst- 
man, Du Pont. This paper discusses the 
unique combination of thermal stabil- 
ity, radiation resistance and _ solvent 
resistance exhibited by one of a new 
family of organic polymers developed 
by Du Pont Research. 

e “Encapsulation With Alkyd Mold- 
ing Compounds,” J. T. Long, Allied 
Chemical Corp. This discussion of en- 
capsulation of small electronic com- 
ponents covers both the alkyd putties 
and granular alkyd compounds. Ad- 
vantages of the compounds in these 
applications and the process used for 
encapsulation will be described. 

e “High-Alumina Fluid Catalyst as 
a Potting Compound for Electronic 
Power Transformers,” R. S. Key, Bell 
Telephone Labs. This paper discusses 
a high-alumina material used as a 
filling or potting material in electronic 
power transformers. 

e “High-Temperature Performance 
of Wire and Cable Insulated with 
Teflon Fluorocarbon Resins,” J. Casey, 
Bureau of Ships, and J. P. Shoffner, Du 
Pont. This paper provides information 
on cut-through resistance and_ heat 
aging of high-temperature insulations 
in the range of 175 to 450 C. TFE 
and FEP fluorocarbon resins are con- 
sidered. 

e “Interpretation of Electric 
Strength Test Results.” C. L. Craig. 
Sperry Problems of 
translating electric strength test results 
to expected performance are outlined. 
Guides are presented for correlating 
results obtained under standard test 
conditions with those expected under 
various environmental conditions. 

e “Glass Microfiber Reinforced Tef- 
lon Insulation Made by a Paper Type 
Process.” N. L. Greenman and R. C. 
Jerry, Rogers Corp. A paper-making 
technique has been utilized to produce 
an extremely homogeneous product with 
outstanding mechanical and electrical 
properties at high temperatures. 

The three-day program is divided 
into the following major subject areas: 
Distribution Equipment, Rotating Ma- 
chinery and Electronics. 


Gyroscope Co. 


(More Association Activities 
on page 210) 
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Memo from General Electric 


How permanent magnets tune in on trouble 


Magnetic Materials Section reports on some of the largest permanent magnets 
ever cast .. . and on why they are replacing wound-motor fields in modern radar systems 


This stator casting of Alnico 5—12” O.D. 
x 7” 1D. x 3” wide—one of the largest 
ever made, finds application in today's 
radar guidance systems. 
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Radar! It must be designed for abso- 
lutely uninterrupted operation. 

That’s why a General Electric 12- 
inch permanent magnet—one of the 
largest ever cast—is replacing the 
wound-motor field in many new 
radar systems. Besides offering reli- 
able constant power and eliminating 
outside excitation and external regu- 
lating equipment, General Electric 
permanent magnets never wear out; 
offer significant savingsin cost, weight, 
and space; provide one-piece, trouble- 
free operation. 


Advantages like these—in large 
magnets or small—are solving many 
industrial problems, too. Whether 
your product is a motor or a control 
—a generator, magnetic separator, or 
holding device—there’s a powerful 
General Electric permanent magnet 
to save you weight, space, and money. 
For further information regarding a 
specific application —or for the assist- 
ance of a G-E engineer, write: 
Magnetic Materials Section, General 
Electric Company, 7804 N. Neff Road, 
Edmore, Michigan. 


MAGNETIC MATERIALS SECTION 


GENERAL6 


CARBOLOY® CEMENTED CARBIDES « 
MAGNETIC MATERIALS © THERMISTORS 
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These motor alternators provide close voltage and frequency regulation output over 
a wide range of input motor voltages, even in excess of 35 per cent. 

Made in 300 watt, 1200 watt, 2 kilowatt and 3 kilowatt sizes and for nominal 
input voltages of 32, 64 and 110 volts, these machines are self-ventilated, dripproof, 
and of rugged design for long life service. 

Variations of these machines, DC to DC, for similar wide ranges of input motor 
voltage are also available. 


Extremely desirable for For almost fifty years Safety has engi- 
¢ Radio and radar supply on DC ships peered and built an extensive line of 
and at remote defense installations. 


Depth recorders. 
e Communication equipment power lation devices. Literally thousands of 


electrical rotating equipment and regu- 


source. Safety motor alternators are in opera- 
Fluorescent lighting from a DC tion throughout the world in industrial, 
source. 

Closed circuit television and other 


electronic supply. and military service. 


railroad, marine and communication 


Write us giving size and voltage requirements and the proper bulletin will be sent to you. 


Safety ELECTRICAL EQUIPMENT CORP. 


FORMERLY ELECTRICAL DIVISION OF SAFETY INDUSTRIES, INC 
1187 DIXWELL AVE., NEW HAVEN 14, CONN. + UNiversity 5-317] 
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Relay Manufacturers Progress 
Report Available 


The Technical Committee on Relay 
Testing Methods of the National As- 
sociation of Relay Manufacturers has 
issued a progress report on the subjects 
of dry circuits, electrical characteristics, 
contact life, environment, vibration and 
shock. The report of Subcommittee A 
contains a resume of investigations of 
other groups in the dry-circuit area, 
tentative definitions for the three areas 
of contact loading and an agenda for 
future deliberations. The report of Sub- 
committee B presents tentative defini- 
tions and test procedures for the char- 
acteristics of contact resistance, contact 
bounce, insulation resistance, dielectric 
strength, coil resistance and inductance, 
pull-in and drop-out current or voltage, 
and operate and release time. The re- 
port of Subcommittee C includes a com- 
plete preliminary draft of a proposed 
contact life test specification. The re- 
port of Subcommittee D includes pre- 
liminary drafts of tests for salt spray, 
altitude, humidity, temperature shock 
and thermal life. and high and low 
temperature. For further information 
write to Professor Charles Cameron, 
Oklahoma State University, Stillwater, 
Oklahoma. 


Metals Society 
Nominates Officers 


Walter Crafts. associate director, tech- 
nology. Union Carbide Metals Com- 
pany. Niagara Falls. N. Y., has been 
named new president of the American 
Society for Metals. Also picked by the 
Society’s nominating committee were a 
new vice president, Robert J. Raude- 
baugh, a treasurer and two trustees. 
The new officers will be formally 
elected at the annual meeting of the 
30,000-member engineering society of 
the metal-working industry in Chicago 
November 4 during the 41st National 
Metal Exposition and Congress. They 
will take office at the conclusion of the 
Metal Show, November 6. 


Ground Broken for 
United Engineering Center 


Ground-breaking ceremonies for the 
United Engineering Center, an eighteen- 
story structure to be erected opposite 
the United Nations in New York City, 
were held October 1, 1959. The Center 
will house the headquarters of eighteen 
major engineering societies (including 
the AIEE and ASME) with a com- 
bined membership of 300,000. 


AIEE Instrumentation 

Division Elects 

Robert C. Langford, chief engineer for 
research and development, Weston 
Instruments Division of Daystrom, Inc.. 
has been elected chairman of the newly 
formed New York Instrumentation Di- 
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SECONDARY 
LABOR 


& 
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Thin sections, holes, bosses, metal 
savers, odd shapes all produced in a 
split second—from molten metal. 

No other process can compete with 
this for eye appeal or low cost. 


When product designers send preliminary drawings for critical review by 
the seasoned Madison-Kipp mechanics, it has often proved to be the decisive 


factor in the ultimate design of the component parts. 


The original designer thoroughly understands the function of his product. 
We thoroughly understand die casting and machining problems. Combining the 
two skills at an early period of development is logical and valuable. 

Our customers of long standing always utilize this system which virtually 
pyramids design talent for successful high production manufacturing, with low 
secondary labor content. 

Please clip this ad as a reminder to contact us when you have die casting 


requirements. 


* % MADISON-KIPP CORPORATION 


214 WAUBESA STREET + MADISON 10, WIS., U.S.A. 


@) [Z 


e@ Skilled in Die Casting Mechanics @ Experienced in Lubrication Engineering @ Originators of Really High Speed Air Tools 
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0h 
A HIGH-HEAT 
NON-SLIP 
LACING TAPE 
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GUDEBROD’S 


TEMP-LACE H 


Gudebrod synthetic rubber 
finish has now tamed slippery 
Teflon* by coating it with syn- 
thetic rubber. Once cables are 
laced with Temp-Lace H, 
they’re laced for good .. . be- 
cause there’s no knot-slip; no 
harness slip. Assemblies stay 
tight and firm. 


Flat-braided of pure, inert 
Teflon, Temp-Lace H is non- 
corrosive to hands or instru- 
ments. Now coated with Gude- 
brod’s non-flaking, fungistatic 
rubber finish, it’s non-slip, and 
flexible from —40° to 220°C. 
It won’t cut through insulation. 


Temp-Lace H is available in 
five sizes; or we will engineer a 
tape to meet your specifica- 
tions. Write today for Data 
Book giving complete informa- 
tion on ALL Gudebrod Lacing 
Tapes and Drive Cords. 


*Du Pont’s TFE fluorocarbon fiber 


GUDEBROD 


BROS. SILK CO., INC. 


ELECTRONIC DIVISION 
225 West 34th Street, New York |, N.Y 


EXECUTIVE OFFICE‘ 


th 2th Street, Philadelphia Z 
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Nov. 2-6—National Metal Exposi- 
tion and Congress, International 
Amphitheatre, Chicago. 


Nov. 3-5 Mid-America Electronics 
Conference, sponsored by K. C. 
Section, IRE, Municipal Auditorium, 
Kansas City, Mo. 


Nov. 4-6—National Automatic Con- 
trol Conference, sponsored by AIEE, 
IRE and ISA, New Sheraton Hotel, 
Dallas. 


Nov. 5-6—Control Systems Com- 
ponents Conference (sponsored by 
AIEE, ASME, IRE, ISA and SAE), 
New Sheraton Hotel, Dallas. 


Nov. 9-11 Radio Fall Meeting, 
sponsored by EIA and IRE, Hotel 


Syracuse, Syracuse, N. Y. 


Nov. 9-11 Ith Instrumentation 
Conference, sponsored by IRE, 
Atlanta. 


Nov. 9-13—Annual Meeting, Na- 
tional Electrical Manufacturers As- 
sociation, Traymore Hotel, Atlantic 


City, N. J. 
Nov. 16.—Western Appliance Tech- 


nical Conference (sponsored by 
AIEE and National Subcommittee 
on Domestic Appliances), Biltmore 
Hotel, Los Angeles. 


Nov. 16-19—Sth AIEE Conference 
on Magnetism and Magnetic Mate- 
rials, Sheraton-Cadillac Hotel, De- 
troit, Mich. 


Nov. 16-20 -——-5Sth International 
Automation Exposition and Con- 
gress, New York City Trade Show 
Building. 


Nov. 17-19—-New England Re- 


search and Engineering Meeting 


vision of the American Institute of 
Electrical Engineers. Author of several 
books on electronic instrumentation, 
Dr. Langford has held numerous com- 
mittee posts with the major engineer- 
ing societies. 


Computer Conference 
Papers Sought 


A call for papers for the 1960 Western 
Joint Computer Conference next May 
3-5 in San Francisco has been issued. 
Emphasis is placed on papers sug- 
gesting concepts and techniques in 


(sponsored by IRE), Boston Com- 
monwealth Armory, Boston. 


Nov. 23-24—Symposium, “Solid 
Facts About Solid State,” sponsored 
by ISA, Ben Franklin Hotel, Phila- 
del phia. 


Nov. 30-Dec. 3—Eastern Joint 
Computer Conference, sponsored by 
ACM, AIEE and IRE, Statler Hotel, 
Boston. 


Nov. 30-Dec. 427th Exposition of 
Chemical Industries, New York 
Coliseum, New York City. 


Dec. 1-2—Fourth Midwest Sym- 
posium on Circuit Theory, Mar- 
quette University, Milwaukee, Wis. 


Dec. 8-10—-Second National Con- 
ference on the Application of Elec- 
trical Insulation, Shoreham Hotel, 
Washington, D.C. 


Jan. 11-13—Sixth National Sim- 
posium on Reliability and Quality 
Control (program for wives planned 
also), Statler-Hilton Hotel, Wash- 
ington, D. C. 


Jan. 26-27—Third Annual Meeting 
of the Society of Vacuum Coaters, 
Hotel Biltmore, New York City. 


Feb. 1-4—- American Society of 
Heating and Air-Conditioning En- 
gineers Annual Meeting, Baker 
Hotel, Dallas, Texas. 


Feb. 2-4—Society of the Plastics 
Industry, Reinforced Plastics Divi- 
sion, Fifteenth Conference, Edge- 
water Beach Hotel, Chicago. 


Feb. 10-12—Solid State Circuits 
Conference (sponsored by AIEE, 
IRE, University of Pa.), University 
of Pennsylvania, Philadelphia. 


newer areas, such as language trans- 
lation, data retrieval and self-teaching 
systems. The conference will serve as 
a forum for papers and discussions cov- 
ering the current state of the analog 
and digital computer art. Submissions 
to the program are to be prepared on 
the basis of a 30-min delivery, with ex- 
tra time available for discussion. Evalu- 
ation will be on the original draft, three 
copies of which should be directed to 
Howard M. Zeidler, Stanford Research 
Institute, Menlo Park, Calif., before 
Nov. 9. 
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When you need 


Sprague—the world’s largest capac- CA PA C { I 0 i S 
itor manufacturer — offers a com- 


plete line of motor capacitors to for air-conditioners, refrigerators, motors, 
answer any equipment engineer- compressors, heat pumps, specialty transformers, 
ing problem. The types shown voltage regulators, controls, and 


below — S wide variety of general purpose a-c applications 
application requirements. Take 


Raa you get fast delivery 
from SPRAGUE 


A-C ELECTROLYTIC CAPACITORS 
for motor-starting service 


withstand humid atmospheres 

rugged phenolic cases 

single or dual blade terminals to fit female quick-connectors 
all popular ratings and voltages 

Bulletin No. 4000A 


CLORINOL® CAPACITORS 

for motor-run service and general a-c applications 
drawn seamless steel cases for extra strength and compactness 
double-rolled cover closure eliminates “pop-outs” 
leakproof welded terminal assembly 
all ratings, three case styles 


available with metallic and lacquer finishes to customer 
specifications 
Bulletin No. 4500 


nee 


KOOLPAK® CAPACITOR ASSEMBLIES 
complete motor-start, motor-run assemblies 
for air-conditioners 
cooler operation extends capacitor life 
no trapped moisture to corrode metal parts 
unique plug-in design simplifies assembly 
compact construction saves time and production costs 
available with metallic and lacquer finishes to customer 


specifications 
Bulletin No. 4900A 


Write for Engineering Bulletins on the types in which you are interested. 

Application assistance is also available without obligation. Address request a 
to Technical Literature Section, Sprague Electric Co., 307 Marshall St., 4 
North Adams, Massachusetts. S Y R it ft 1 : 


SPRAGUE COMPONENTS: THE MARK OF RELIABILITY 


CAPACITORS RESISTORS MAGNETIC COMPONENTS TRANSISTORS INTERFERENCE FILTERS PULSE NETWORKS 


HIGH TEMPERATURE MAGNET WIRE CERAMIC-BASE PRINTEO NETWORKS PACKAGED COMPONENT ASSEMBLIES 
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TYPE 


if pen or Sealed 


Type TJC, one of Comar’s many tele- 
phone types, combines features not 
usually found in a small relay. Light- 
weight, extra sensitive, large contact 
spring capacity, hinge-type armature, 
heavy duty yoke and independent 
twin contacts are some of its advan- 
tages. Inquiries invited. 


We do our own HERMETIC SEALING + PLATING + PAINTING + SILK SCREENING 


99 


Saves youstime and mon 


Hermetic sealing, plating, painting 
and imprintng iS done in Our OWN 


plant. Speeds delivery, cuts costs 
Send for complete catalog 


< 1} \ * x 
LRg t 1 p* 
. - NK 


ELECTRIC COMPANY, 
3349 Addison Street, Chicago 18, Illinois 


HERMETIC SEALING 
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Men in Industry 


Andrew C. Bayle has been elected 
vice-president, engineering, of the 
Waltham Precision Instrument Co., 
Waltham, Mass. Before coming to Wal- 
tham in early 1958 as director of en- 
gineering, Mr. Bayle had 19 years of 
experience in the electromechanical 
field, particularly in servomechanisms 
and gyroscopes. Among his engineer- 
ing contributions are the development 
of a gyroscopic computer, a high-per- 
formance-rate gyroscope, a frequency 
regulator, a voltage stabilizer, and a 
rotational viscometer. 


Walter F. Leverton has been ap- 
pointed engineering manager for Ray- 
theon Company’s Semiconductor Divi- 
sion, Waltham, Mass. He was named to 
the new post following eight years’ 
service with Raytheon’s Research 
Division where he was assistant divi- 
sion manager and program director, 
physical electronics. He directed re- 
search in the fields of semiconductor 
materials and devices. 


The National Bureau of Standards, 
Washington, D. C., has made the fol- 
lowing personnel announcements: 

Francis B. Silsbee, authority on elec- 
trical theory and technology, has re- 
tired as chief of the Electricity and 
Electronics Division. Bruce L. Wilson, 
formerly chief of the Engineering 
Mechanics Section, has been appointed 
chief of the Mechanics Division. Todor 
Dimoff, expert in the fields of stress 
analysis, fatigue, vibration, strength 
of materials and machine design, has 
joined the Engineering Mechanics 
Section. George W. Reitwiesner, a 
specialist in logical structure and com- 
puter programming, has joined the 
Computation Section. 


Carroll Stansbury, Electronic Instru- 
mentation Section, has received the 
U. S. Department of Commerce Silver 
Medal for Meritorious Service. He was 
cited for contributions in the develop- 
ment of electronic and electromechani- 
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Coupling Design is Simple 
with Permanent Magnet Drives 


Transmitting motion between two parts without mechanical 
connection may be a highly desirable goal in your new design. 
Permanent magnet drives often are the simplest answer to 

such problems. Three types of magnetic drives are generally 
available, and are applicable according to the desired function. 


MAGNETIC DRIVE TYPES 


Synchronous Drives. Both the driver 
and the driven member operate at the 
same speed. If slip occurs, the follower 
will slow and stop and the whole unit 
must be restarted. Since displacement 
between magnets is required fora torque 
to be produced, “hunting”? may occur. 

Fig. 1 shows a radial gap drive using 
Indox ceramic magnets. For maximum 
mechanical strength, the magnets may 
be glued or potted into non-magnetic 
holders. The optimum number of poles 
depends on the gap and the diameters 
of the magnets. Fig. 2 shows a design 
which can use either Indox I or Indox 
V material. A steel backing plate is 


FIG. 1 


desirable for maximum torque with 
Indox I, and is necessary for Indox V. 
Indox V must be magnetized with the 
backing plate in place, not subsequent- 
ly removable. Indox I, however, may 
not need a backing plate when magnet- 
izing. If backing plate is used, it may be 
removed and replaced without weak- 
ening the magnet. The optimum num- 
ber of poles again depends on the total 
gap between the magnets and the 
thickness and diameter of the magnets. 


Fig. 3 illustrates an Alnico V design. 
Salient poles are required for Alnico 
drives of this type, but are undesir- 


STEEL BACK PLATE 


able for Indox because of the high 
coercive force and low flux density. 


Hysteresis Drives are similar in 
operation to synchronous drives except 
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FACING MAGNETS 


that the driver magnet magnetizes the 
follower, creating a torque coupling 
that is synchronous up to the maxi- 
mum torque capability. If this limit is 
exceeded and slip occurs, approximately 
the same torque will be produced 
regardless of the rate of slip. To pro- 
duce a given torque, the hysteresis 
drive must be larger than a synchro- 
nous drive. “Hunting” may also occur. If 
slip is not objectionable, an eddy cur- 
rent drive may produce more torque 
for a given magnet weight (see below). 


Fig. 4 shows a radial gap hysteresis 
drive using an Alnico V driver magnet. 


ALNICO V DRIVER 


LOWER COERCIVE 
FOLLOWER 


Fig. 5 is an axial gap unit using 
Alnico V in both the driver and the 
follower. The optimum number of 
poles again depends on the air gap and 
the magnet diameter. 

Eddy Current Drives are non-syn- 
chronous and produce no torque unless 
some slip occurs. The greater the load, 
the greater the slip. If the load on the 
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follower is reduced, it will pick up 
speed until the slip is just sufficient to 
maintain the load torque. Eddy current 
drives are not subject to “hunting.” 


Fig. 6 illustrates a basic arrangement 
using an Alnico V rotor. 


STEEL BACK PLATE 


MILD STEEL RING 


COPPER OR ALUMINUM 
EDDY CURRENT CuP 


TYPICAL APPLICATIONS 


Synchronous drives are used exten- 
sively in pumps, where one magnet is 
driven by a motor and another magnet 
follows inside a sealed unit. The second 
magnet is attached to the impeller. This 
arrangement enables special materials 
to be pumped in a totally enclosed sys- 
tem without danger of contamination, 
leakage or loss of pressure. 
Hysteresis drives are used for yarn 
and wire tension devices to maintain 
uniform torque regardless of speed. 


A typical application for an eddy cur- 
rent drive is in a take-up reel, where 
the torque is proportional to slip. 


FREE DESIGN HELP 


If your product development could 
benefit from the application of perma- 
nent magnet drive, The Indiana Steel 
Products Company design engineers 
are ready to help with practical design 
recommendations, based on 50 years of 
experience with permanent magnet 
materials. Write today for this free 
service. Address Dept. B-11, 


INDIANA 


VALPARAISO, INDIANA 


WORLD’S LARGEST MANUFACTURER 
OF PERMANENT MAGNETS 


PERMANENT 
MAGNETS 


IN CANADA: The Indiana Steel Products Company of Canada Limited, Kitchener, Ontario 
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MODULAR SYSTEM 


for wiring with Panel Chanel®, 


REDI-KORNERS and REDI-TEES 


Here is the simplest method of panel wiring ever 
and the lowest cost, too. The introduction of 
Redi-Korners* and Redi-Tees*, for use with Panel 
Chanel wiring raceways provides a modular system that 
reduces work and vastly improves panel appearance. 
Like Panel Chanel itself, Redi-Korners and Redi-Tees 
are made of reinforced, lightweight thermosetting plastic 
that will not warp, cold flow or support combustion. 
You simply mount Redi-Korners and Redi-Tees .. . 
add the appropriate sections of Panel Chanel . . . and 
your job is ready for wiring. No mitering is required 

. no jigs or fixtures needed. 

Panel Chanel reduces work all the way, from layout 
to checkout . . . and simplifies future maintenance as 
well. Instead of costly bundling. wires are simply set 
in place and the channel cover snapped on. It’s 
that simple. 


For complete data, send for new Bulletin $-305 


Pane: Cnanei® 


Stahlin Brothers, Inc., 101 Maple Street, Belding, Mich. 


*Trademark S.A. 2086 
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cal equipment and for administrative 
services. James R. Wait, Central Radio 
Propagation Laboratory, has received 
a Gold Medal for exceptional service 
from the Department of Commerce 
for distinguished authorship in the 
field of radio propagation. 


American Electronics Co., Minne- 
apolis, has added William Merton 
Nellis to its staff as senior design and 
development engineer. Mr. Nellis was 
formerly chief electrical engineer of 
Ramsey Engineering Co., a St. Paul 
electronics firm. 


George F. Kennard and Thomas R. 
Horton have been promoted to key 
posts at the Federal Systems Division 
of International Business Machines 
Corp. Mr. Kennard has been named 
manager of the research and engineer- 
ing department; Dr. Horton assumes 
the post of manager, systems analysis 
department. 


Davidge H. Rowland has been ap- 
pointed assistant to the president of 
Sage Electronics Corp., East Roches- 
ter, N. Y. Among his published papers. 
“Porcelain for High-Voltage Insula- 
tors” received a national award from 
the AIEE. He has been issued a num- 
ber of patents in this field. 


Thomas M. Linville, General Electric 
Research Laboratory, Schenectady. 
N. Y., has been named a member of 
the National Research Council. The 
appointment was made by Detlev W. 
Bronk, president of the National Acad- 
emy of Sciences, with which the Na- 
tional Research Council is affiliated. 
Mr. Linville joined GE in 1926. He has 
specialized in design and development 
of motors and control systems, en- 
gineering administration and engineer- 
ing education. 


Robert E. Davis has been selected to 
assume the newly created position of 
engineering manager at Rixon Elec- 
tronics, Inc., Silver Springs, Md. Prior 
to joining Rixon, Mr. Davis was with 
Litton Industries as engineering man- 


ager. 


Packard Bell Computer Corp., Los 
Angeles, has named Kenneth R. Jack- 
son technical assistant to the director. 
Mr. Jackson holds several patents for 
missile autopilot devices. Before join- 
ing Packard Bell he served as special 
assistant to the president of the Waugh 
Engineering Co., Van Nuys. Previously 
he was co-owner, president, and chief 
engineer of Dynalysis Development 
Laboratories of West Los Angeles. 


Appointment of I. S. Lerner as ap- 
plied research director for Royal 


McBee Corp. has been announced. Mr. 
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DECCO’S 

mighty midget — 
available in push or 
pull model. 


Lift the Solenoid covers on the finest automatic 
machine tools on the market and you'll find 
DECCO Solenoids faithfully upholding the good 
name of the machinery maker. 


Constant research and industrial quality con- 
struction has put DECCO millions of depend- 


DECCO'S multi-million cycle, 
oil-immersed model with easy- 
change, plug-in mount. 


able work cycles ahead of the field, even in the 
miniature sizes. 


DECCO offers many life-lengthening features 
and unique advantages; their dependability and 
quality can save you time and production dollars. 


Write for Catalog 591. There is a dependable DECCO solenoid to fit your need. 


Ba hy 


2435 HILTON ROAD, FERNDALE 20, MICHIGAN 


NOVEMBER 1959 Circle 204 on page 17 





motors 
with gear 
reductions 


Designed for low-speed, high-torque applications, GI Gear 


for low-speed Motors are widely used in TV Remote Control Units, Vend- 


ing Machines, Timing Devices, etc. Molded nylon gears in 

. a dirt-sealed housing insure extremely quiet running plus 

high-torque rugged dependability. Rotor disengages, if required, when 

gear train is de-energized. For reliability, plus extra silent 

li ti service, specify Gl Gear Motors. Precision-made, with 
app ica 10ns mass-production economy. 


GENERAL SPECIFICATIONS 
a MODEL 205 MODEL 308 


Intermittent | Continuous Intermittent Continuous 


‘SPEED 13 RPM 13 RPM 13 RPM 13 RPM 





“TORQUE ——«|_‘150in./oz. | 100in/oz. | 150in./oz. | 90in./oz 
_ AMPS, No Load 2.5 t 1.25 1.2 0.6 








WATTS, No Load 26 - . a. 
REVERSIBLE No 
CONDENSER None 





No Yes Yes 
t None 60 MFD 60 MFD 


Above data based on 24 volts — Intermittent Duty 3 minutes on and 5 off 
Both models can also be supplied for 115 volts — 60 cycles 





MOTORS TO MEET EVERY REQUIREMENT 
at 
dé \as : 
a " 


Write For Catalog and Quantity Price Quotations 


aC 


DEPT. GL e ELYRIA, OHIO 
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Lerner joined Royal McBee in 1955 
and for the past three years has been 
directing business machines research 
at Instrument Development Labora- 
tories, Inc., a subsidiary located in 
Attleboro, Mass. 


The appointment of Robert E. Peter 
to the position of chief engineer at 
Tempo Instrument Inc., Hicksville, 
N. Y., has been announced. Mr. Peter 
was formerly project engineer at 
Acoustica Associates, where he was en- 
gaged in design, development and 
manufacture of experimental and oper- 
ational missile ground support elec- 
tronic equipment. 


Appointment of David F. Brower, 
atomic physicist, as assistant manager 
of the engineering department of 
Rheem Semiconductor Corp., Moun- 
tain View, Calif., has been announced. 
For three years Mr. Brower has been 
engaged in advanced research in the 
controlled thermonuclear research pro- 
gram of the General Atomic Division 
of General Dynamics Corp. 


Aerovox Corp., New Bedford, Mass., 
has announced the appointment of 
Arthur James Warner as manager of 
research and engineering. Mr. Warner 
graduated from London University in 
1936 with a B. Sc. degree in chemistry. 
He has authored many technical papers 
on electrical insulation and compo- 
nents, and has had many patents issued 
on his work. 


Filtron, Inc., has announced the ap- 
pointment of five engineers and scien- 
tists to staff positions for interference 
control engineering in the Systems 
Div., Culver City, Calif. The new asso- 
ciates are: Kim R. Schuette, former 
physicist with the National Bureau of 
Standards; Denney Williams, former 
chief engineer and consultant in radio 
interference suppression; Clifford T. 
Culver, formerly with Convair Astro- 
nautics Engineering; George C. Stump, 
Jr., former senior engineer at Martin- 
Denver; and Hollice Favors, former 
project engineer on the AN/APQ53 
project. 


Max M. Lee, who was formerly asso- 
ciated with the National Bureau of 
Standards and more recently with the 
General Electric Co., Fort Wayne, is 
now operating as an_ independent 
chemical and engineering consultant 
with offices at 1023 W. Sherwood, Fort 
Wayne, Ind. He is specializing in insu- 
lation materials and process develop- 
ment for the electrical and electronic 
industries. 


(See also Company 
Briefs on page 220) 
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SUPRAMICA 555 
ceramoplastic 


the world’s most nearly perfect 
precision-moldable electronic insulation 


for total reliability... at high temperatures 


... Specified in| =ce=>s | transducers 


Why did Bourns, INc. select SUPRAMICA 555 ceramoplastic as the insulating base 
for its ultra high-temperature differential pressure transducers? 

Bourns’ engineers cite three reasons . . .each a contribution to the total reliability of 
these airborne telemetering devices. “First is temperature. The sensitive element of 
the mechanism must withstand high operating temperatures. Next, SUPRAMICA 555 
offers a combination of excellent insulating characteristics, which are essential to the 
highly accurate functioning of the potentiometer. In addition, this ceramoplastic 
material is readily moldable into complex shapes, such as that required for this intri- 
cate part.” 

For other applications SUPRAMICA 555 is used under operating conditions as 
high as +700°F. ... SUPRAMICA 555 is one of the many ceramoplastic and glass- 
bonded mica insulation materials produced by MyCALEX CORPORATION OF AMERICA, 
in precision-molded and machinable formulations. Whatever your insulation need 
there is a MYCALEX product to meet it—for example, SUPRAMICA 620 machinable 
ceramoplastic, which has a maximum operating temperature of + 1550°F. Write today 
outlining your design problem for specific information. 


General Offices and Plant: 123-1 Clifton Blvd., Clifton, N. J. 
Executive Offices: 30 Rockefeller Plaza, New York 20, N. Y. 


WORLD'S LARGEST MANUFACTURER OF GLASS-BONDED MICA AND CERAMOPLASTIC PRODUCTS 
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AUTOMATING 


featurin 


MMe 


INDUSTRIAL PROCESSES 


model HZ4 
MICROFLEX RESET COUNTER 


Use to control an operation for a 
preset number of counts. Has 
spring reset to “0.”’ Dial ranges 19, 
400 and 1,000 counts. 


Ask for bulletin 720. 





model HZ200 
ADD-SUBTRACT COUNTER 


Add-Subtract counter — operates 
from ADD pulses which trip switch 
at maximum limit—and SUB- 
TRACT pulses which trip switch at 
“0” limit. 

Ask for bulletin 740. 


model MT 
STEP SWITCH 


Use for sequence control from 
pulses—19 contacts—60 cycle 
coil-break out cam lugs. 


Ask for bulletin 780. 


model HZ6 
MICROFLEX REVOLUTION COUNTER 


Use to control an operation as a 
function of mechanical movement— 
drive shaft can be mechanically 
connected to machine, spindle, con- 
veyor, etc. 


Ask for bulletin 730. 


model HM 
MULTIFLEX (Multiple Circuit) TIMER 


Use for sequence control of 1 to 7 
circuits. With shaft drive for me- 
chanical connection to an external 
drive mechanism. 


Ask for bulletin 130. 


Write us regarding your count problem. 
Services of Sales Engineers in 25 district 
offices are available without obligation. 


Address Dept. EM-1159. 
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Company Briefs 


Artioom Industries, Inc. has acquired 
Eastern Precision Resistor Corp., Brook- 
lyn, N. Y. This is Artloom’s third ac- 
quisition since the beginning of the 
year. EPR was founded in 1952. With 
its wholly-owned subsidiaries, Elec- 
tronic Plastics Corp., EPM Corp., and 
EPR Special Products Corp., it manufac- 
tures a range of electronic components 
and systems. Among its products are: 
precision wirewound resistors, infinite- 
resolution potentiometers, delay lines, 
pulse transformers, simulator equip- 
ment, power supplies, converters, mix- 
ing amplifiers, intercommunication 
equipment, encapsulating compounds, 
epoxy products, plastic fabrications 
and a large-screen, 17-in. oscilloscope. 


Production facilities for its recently 
acquired line of a-c motors will be 
located in Gainesville, Ga., it is an- 
nounced by Leece-Neville Co., Cleve- 
land. The company recently purchased 
this line from O. A. Sutton Co., Wichita, 
Kansas. It marks Leece-Neville’s first 
venture into the a-c motor field; Leece- 
Neville is a manufacturer of alternator- 
rectifier systems, generators, motors 
and voltage regulators. 


U. S. Semiconductor Products, Inc., 
Phoenix, has purchased an electronics 
manufacturing facility at 3540 W. Os- 
born Rd., adjacent to their present 
location. The new structure will offer 
the manufacturing, sales and adminis- 
trative units of the company an addi- 
tional 35,000 sq ft of floor space. The 
acquisition is in line with overall 
growth plans for the organization 
which include doubling the personnel 
force within one year. 


Monsanto Chemical Company’s In- 
organic Chemicals Division has started 
construction of a plant for the manu- 
facture of ultra-pure silicon metal. The 
plant will be erected near St. Louis, 
Mo. 


The Langevin Division of The W. L. 
Maxson Corp. has moved from its Long 
Island City location. New headquarters 
for engineering, sales and administra- 
tion are at 475 Tenth Ave., New York 
18, N.Y. Production facilities are lo- 
cated at the corporation’s plant at Old 
Forge, Pa. The division manufactures 
transformers, amplifiers, reactors and 
power supplies. 


Pyrometer Company of America, Inc., 
Penndel, Pa., has formed a new Pyco- 
foam Division, near Norristown, to 
perform custom molding of expand- 
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Flectronic oducts NEWS: 


Ly CARBORUNDUM 


9KV 


ISOLATOR 


Registered Trade Mark 


MODULATOR 


MEGAWATT transient handled by GLOBAR® 5 Watt 
SP Resistor to protect Miniaturized Pulse Generator 


A tough problem was recently solved 
by Ramo-Woolridge, a division of 
Thompson Ramo Woolridge, Inc. It 
concerned protection against a transi- 
ent discharge that caused breakdowns 
in a miniaturized pulse generator. 
The circuitry, as shown above, in- 
volved a modulator for a 1-kw grid- 
controlled traveling wave tube. The 
grid would often arc to ground, short- 
ing the energy stored in the condenser 
C2 through the modulator circuit and 
vaporizing the decoupling resistor R 
or the bias filter C3. 
he answer was found in a 
GLOBAR Type SP 1002 resistor, able 


to withstand the periodic 8000-v. dis- 
charge for several microseconds and 
to take a temperature of 1000 F. Since 
this resistor is non-inductive, it works 
well as decoupling element during 
normal operation, in addition to giv- 
ing the protection needed when 
arcing occurs. 5 watt size 1%” long, 
5/16” diameter, obviates any space 
problem. 

This example may suggest many 
similar applications. For more details 
on GLOBAR resistors, write Globar 
Plant, Refractories Division, Dept. 
EMR119, Carborundum Company, Ni- 


agara Falls, N. Y. 
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CERAMIC DRUM AND END PLATES for radio tuner 
GROUND TO .OO1 ACCURACY 


The drum coil and end plates shown 
in the photo are parts of a tuner for 
the Transport Radio Command and 
Ground Radio Command. The plate 
holes are ground to size with an 


CERAMIC PARTS AND METALLIZED ASSEMBLIES 
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accuracy of +.001 and the hole spac- 
ing is held to a tolerance of +.002. 
The drum with its stainless steel 
bearing sleeves is a direct ceramic-to- 
metal assembly. The bearings must 
withstand a vertical load of 60 lbs. 
Three of the end holes are tapped. 
The slot, the pitch and the depth of 
the spiral winding groove are ground 
to tolerances of +.001. 

This is an example of the accurate 
specifications that can be met with 
equipment at Carborundum’s Latrobe 
Plant, which specializes in ceramic, 
ceramic-to-metal and glass-to-metal 
assemblies. Facilities are available 
for small or large production runs. 
For more information, write Latrobe 
Plant, Refractories Division, Dept. 
EMC119, Carborundum Company, La- 
trobe, Pa. 
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KOVAR ALLOY CERAMIC RESISTORS 


Vacuum-tight, matched 
expansion GLASS-TO- 
METAL WINDOWS 


[95.6006 | 11/16 | 490_| 175 | 
[-95.6009| 3/8] 281 [197 ] 
5.010 | 7/8 | 490 | 078 | 
[95.6011 3] 280 | 18 ] 


Windows of the type shown above 
have a variety of applications where 
truly reliable vacuum-tightness or 
gas-tightness over a considerable 
temperature range is desired. 

The advantage of these windows is 
that the frame and glass are united 
to form a chemically bonded, her- 
metically sealed unit. Use of KOVAR® 
alloy and borosilicate hard glass, 
which have practically identical 
expansion characteristics, eliminates 
stress and strain. 

Large quantities of these windows 
are manufactured by Carborundum’s 
Latrobe Plant. Bulletin 5133, giving 
complete information, is obtainable 
by writing to Latrobe Plant, Refrac- 
tories Division, Dept. EMS119, Carbo- 
rundum Company, Latrobe, Pa. 

Circle 210 on page 17 


NEW BOOKLET AVAILABLE ON 
GLOBAR® Type BRN VARISTORS 


a 


booklet gives 


full information. For your copy, 
write Globar Plant, Refractories 
Division, Dept EMV119, ’ 

borundum Co., Niagara Falls, N.Y 


Non - linear, 
voltage sensi- 
tive resistors 
are finding 
many applica- 
tions for stabil- 
ization or volt- 
age control in 
electronic cir- 
cuits. This 
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VARISTORS 


A, 
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THERMISTORS 
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Get better protection...more reliable 


oo» WITH GENERAL ELECTRIC 
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operation for your product 


TRI, CLAD ENCLOSED MOTORS 


HERE’S WHY: 


External Features: Moisture-resistant 
sealing compound is applied on carefully 
machined rabbets to assure better protec- 
tion against moisture and dust. Corrosion- 
resistant, non-sparking fan on all enclosed 
fan-cooled Tri/Clad ‘55’ motors resists 
action of the strongest acids and alkalis. 
Jet action cools motor effectively and 
efficiently for long-life operation. 

Lead connections are protected from 
contact with moisture and dirt by a 
cork-neoprene gasket between halves of 
the easy-access conduit box. 

Further, a new lead positioner gasket 
between conduit box and frame is im- 
pervious to cutting fluids—protects in- 
ternal parts effectively. 


Internal Features: Mylar* polyester film 
insulation and Formext magnet wire 
*Registered Trade-mark of DuPont Co. 


GENERAL @@ ELECTRIC 


provide greater moisture and heat-aging 
protection. Water-resistant stator coat- 
ing also guards against failure due to 
moisture. And G.E.’s advanced bearing 
system gives years more service. 

General Electric offers you the most 
complete line of enclosed motors in the 
industry, including standard enclosed, 
severe-duty (for highly corrosive atmos- 
pheres), and explosion-proof motors. 


CONTACT your nearest G-E Apparatus 
Sales Office now for personal proof on 
why G-E Tri/Clad ‘55’ enclosed motors 
can do a better job for your applications. 
And ask for a free copy of these descrip- 
tive motor bulletins: 1-5 hp>—GEA-6240, 
GEA-5980, and GEA-6341; 714-125 hp— 
GEA-6602. Or write for them to Section 
840-20, General Electric Co., Schenectady 
5, New York. 


tRegistered Trade-mark of General Electric Co. 


COMPARE THESE TRI CLAD FEATURES 


Moisture-resistant Sealing Compound on Rabbets 


Solid-cast Rotor Windings 


Advanced Bearing System 


Cast-iron Frame 


Water-Shedding Stator Windings 


Corrosion-resistant Fan 


Pressed-steel Fan Cover 


Polyester Film Slot and Phase Insulation 


Standard enclosed Tri/Clad ‘55’ motor 


Water-resistant Rabbets 
protect against moisture, dirt, 
and abrasive dust for longer life. 


Efficient Jet Cooling System 
spreads a smooth blanket of air 
over the entire motor frame. 


y) 


New Lead Positioner and 
gasket saves connection time; is 
impervious to cutting liquids. 


. 


Ww 


Non-sparking Fan effec- 
tively cools the motor—resists ac- 
tion of strongest acids and alkalis. 
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WALD is no mateh for our WNULIK! 


Proving one man’s maximum is another man’s minimum 


Coy modesty may be a becoming trait, but not if 
you want to sell rectifiers—so we boldly take aim 
with a few revealing contrasts . .. Brand “U” 
boasts their 1.5 amp rectifier leaks only 2000 wamps 
at 400 volts, whereas we scrap any 6 amp diode 
that leaks 500 wamps at 600 volts (150°C). 

It will pay you to look closely at the typical 
comparisons sampled below, especially since you 
can buy such superior Bradley rectifiers at lower 
prices than the also-rans. Why not get the 

extra Bradley margin of reliability? 


Write us your LEAKAGE 


diode © Bradley 6 amp: 100 .a @ 600 v (150°) 
i ts: ; 
a _—s Brand U 1.5 amp: 2000 ua @ 400v 


; BrandV 1.5 amp: 300 ua @ 400v 
you applicable Brand W 1.5 amp: 150 ua @ 400v 
data sheets. BrandW3 amp: 500 ua @ 400v 


Bradley 6 amp: 1.0 .a @ 600 v (25°) 
Brand W 1.5 amp: 20 wa @ 400v 
BrandW3 amp: 50 ua @ 400v 
BrandX 3 amp: 10 ua @ 200-600v 
BrandY 1 amp: 24a @ 500v 


SWITCHING TIME (Recovery Time) 
Bradley — 6 amp (not a): 2 usec 
Brand X — 1200 ua: 2 usec 


BRADLEY SEMICONDUCTOR CORPORATION k 


Formerly Bradley Laboratories Inc. 


275 WELTON STREET, NEW HAVEN 11, CONNECTICUT 
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able polystyrene. The company will 
have a line of proprietary items and 
will act as molders of the foam plastic. 


Because of increased activity by 
various government agencies in veri- 
fying that test equipment calibration 
meets Bureau of Standards reference 
standards, United States Testing Com- 
pany, Inc., 1415 Park Ave., Hoboken, 
N.J., is now offering a complete serv- 
ice package which is said to meet all 
existing governmental requirements. 


Expansion of its Government Equip- 
ment Division into five subdivisions 
has been announced by Raytheon Co., 
Waltham, Mass. The five new units and 
headquarters for each are: Airborne 
Electronic Equipment Subdivision at 
Sudbury Mass.; Heavy Electronic 
Equipment Subdivision at Wayland, 
Mass.; Santa Barbara Subdivision at 
Santa Barbara, Calif.; Submarine 
Signal Subdivision at Portsmouth, R.I.; 
and Systems Management Subdivision 
at West Newton, Mass. 


Fairchild Semiconductor Corp. simul- 
taneously announced the official open- 
ing of its new 68,000 sq ft production 
facility at Mountain View, Calif., and 
plans for further plant expansion ex- 
pected to reach 120,000 sq ft by 1960. 
The new production unit houses com- 
plete facilities for transistor manufac- 
ture. The company’s research and 
development laboratories have been 
expanded to occupy the entire facility 
at 844 Charleston Rd. in Palo Alto. 


Radio Cores, Inc., Oak Lawn, IIl., an 
engineering and producing company in 
the magnetic iron-core field, has pur- 
chased the iron-core division of Stack- 
pole Carbon Co., St. Marys, Pa. 


Altied Research Products, Inc., has 
expanded its Detroit manufacturing 
facility by acquiring an adjacent build- 
ing. The new plant will contain 
increased office space and manufac- 
turing facilities. In addition, all of the 
chemical manufacturing operations in 
connection with the production of pro- 
cess chemicals (now carried on at the 
Baltimore location), will be duplicated 
at the new Detroit facility. 


A new research and development 
division for proprietary products has 
been organized by American Machine 
G& Foundry Co. The division will bring 
together in one corporate unit AMF’s 
Chemical Research and Development 
Laboratory at Springdale, Conn.; the 
Central Research Laboratory and the 
Engineering Services Laboratory, both 
at Stamford, Conn.; the advanced De- 
velopment Laboratory at Buffalo, N.Y.; 
and the Research and Development 
and Commercial Development divisions 
at AMF headquarters in New York 
City. 
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JOURNAL OF APPLIED CONTROL DEVICES THAT NEVER WEAR OUT 


For Control Engineers Who Are Wearing Out Before Their Time 


THEY TOOK ADVANTAGE 


OF (NO MAINTENANCE) STATIC CONTROL 


Cutler-Hammer, Inc. and Arthur G. McKee & Co., 
American experts at control system and steel mill de- 
sign, respectively, have just paid due respect to the 
problem of servicing complex automatic equipment in a 
foreign land thousands of miles away. They have in- 
stalled CONTROL Switching Reactors and Transductors 
in the blast furnace automatic charging control de- 
signed for an Argentine steel company. Why? Because 
under normal operation, CONTROL Switching Reactors 
simply don’t wear out! Yet look what they do: (1) They 
sequentially count charges and other functions and 


register this information on the operator’s control 
panel; (2) through logic switching, they control and 
interlock the static skip hoist drive, the blast furnace 
large and small bell actuators, the automatic coke 
charging system, and the alarm system... tying them 
all into the operational cycle of the blast furnace. This 
is static control, so named because Switching Reactors 
have no moving parts. Totally enclosed, these high 
permeability magnetic devices operate in the gritty, 
corrosive atmosphere of the steel mill with never a 
shutdown for maintenance. Want details? Write us. 


THREE LITTLE WORDS-=logic, switch, operate 


If you want some insight into Cutler-Hammer’s insight, there are three 
words (above) to pay special attention to. Logic: CONTROL’s Switching 
Reactors are designed to take a variety of input signals to be fed into 
several isolated control windings and thus provide AND, OR, NOT, MEM- 
ORY and TIME DELAY sequences. Switch: Orthonol® cores provide stiff 


STATIC CONTROL: 
simple and standard 


From where do your signal pulses 
come? Limit switches? Push but- 
tons? Relays? Any transducer with 
an electrical output? The CONTROL 
Switching Reactor compiles them, 
remembers them, and then acts 
(logically) when the right one 
comes along. It’s a selective device, 
for by presetting it, you will insure 
its operating only upon the proper 
combination of signals. The result? 
A CONTROL Switching Reactor will 
replace a relay system, and once re- 
placed, you minimize maintenance 
and other old-fashioned worries. 
And there’s a size for every need up 
to 300VA output. There are COoNn- 
TROL reactors which operate from 
standard line voltages, others which 
deliver standard load voltages, and 
now there’s one which takes 120 
volts in and gives 120 volts out! Full 
details? Your copy of our catalog 
awaits your request. 


reactor which 


snap action going from “off” to “on” states. The power switching ratio is 
2500:1, even under 10% over-voltage conditions. Operate: There’s no need 
for auxiliary hardware. CONTROL reactors directly operate such loads as 
solenoids, motor contactors and magnetic clutches. They’re ideal for the 
solid state thyratron. They han- 
dle single loads up to 300VA. We 
have an engineering bulletin, giv- 
ing full details on the CONTROL 
drives the solid 
state thyratron. Write for a copy. 


CONTROL Switching Reactors 
in Cutler-Hammer system 


Reliability begins with CONTROL, 


i 


A DIVISION OF MAGNETICS INC 
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in solenoids! 


Many years AGo somebody at Sylvania cussed at the 
crudities of conventional coils in traveling wave and 
klystron circuits. He started something . . . he actually 
pioneered the whole modern concept of force-cooled, 
foil-wound, low-weight solenoids for high-density 
magnetic fields. And these foil- and Mylar-wound 
solenoids are machinable any which way. 

Through the years, the data, the experience, the 
facilities (and the customers) have piled up. We blush 
to say it, but people who compete fiercely with us in 
other respects buy Sylvania solenoids in droves for 
their own production lines! 


Sylvania has always worked harmoniously with tube 
manufacturers, who find that there’s a real advantage in 
using Sylvania solenoids under their own brand names. 
And we can’t see how quality control on coils can be 
carried much further than we practice it here. 

A lot of our solenoid work is hush-hush and super h-h., 
which should be assurance enough for systems designers 
who need extra-special coils for under-wraps projects. 

And how we welcome inquiries from you 
engineers in experimental work. We honestly 
believe that no group in America has quite the 
know-how and facilities on wafer coils that we 
have here. Let one of our field engineers tell 
you more about Sylvania solenoids. Write today. 


¥ SYLVANIA®) 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


SYLVANIA ELECTRIC PRODUCTS INC., IPSWICH, MASSACHUSETTS 


Leader in Wafer Coil Manufacture 
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Book Reviews 


Telemetering, Supervisory Sys- 
tems and Associated Channels. 
S-I11, Vol. 1; parts 1, 2 and 3, 
AIEE Committee on Telemetering. 
American Institute of Electrical 
Engineers, 33 W. 39 St.. New York 
18, N.Y., 71 pages, price $2.50. 

The first of the three parts in this 

publication on telemetering includes 

definitions, uses of telemetering. types 
of systems. characteristics and the 

selection of a system. The second. 19 

page portion deals with supervisory 

systems, while the last part is a bibli 
ography which contains approximately 

1000 references arranged chronolog- 

ically. 


Advances in Semiconductor Sci- 
ence. The proceedings of the 
rhird International Conference on 
Semiconductors. Editor. H. Brooks. 
Pergamon Press Ine., 122 E. 55 St.. 
New York 22, N.Y., 553 pages 
price $15.00. 

This book contains the proceedings 
of the conference held at the Univer 
sity of Rochester, New York. in August 
1958. Subjects dealt with include semi 
conducting compounds, large band gap 
semiconductors. band theory, recom 
bination and impurity centers, surfaces. 
dislocations, transport, resonance, ex- 
citons and photons, magneto-optical 
effects, thermal conduction and thermo- 
magnetic effects. 


Frequency Response for Process 
Control. Edited by W. I. Caldwell, 
G. x; Coon and | ° M. Zoss. McGraw- 
Hill Book Co.. Inc., 327 W. 41 St.. 
New York 36. 400 pages. price 
$11.50. 

The first part of this book is devoted 
to distance-velocity lag, linear lag and 
stability considerations in the theory 
of process control systems, controller 
responses, and closed-loop perform 
ances and disturbances. 

The last third of the book contains 
actual process control problems with 
methods for calculating system time 
constants, evaluating performance of 
cascaded systems, and other material. 


Zinc—The Science and Technol- 
ogy of the Metal, Its Alloys 
and Compounds. Fdited by C. H. 
Mathewson. Reinhold Publishing 
Corp., 430 Park Ave., New York 22. 
721 pages, price $19.50. 

The contents of this composite mono- 

graph, written with the cooperation of 

the American Zine Institute, include 
the historical background of the metal, 
economics and statistics, treatment of 
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PUTTING MAGNETICS TO WORK 


Vive la difference in Hy Mu 80! 


For greater sensitivity—Magnetics, Inc. makes Round Hy Mu 80 for more output at low flux densities 
For greater gain—Magnetics, Inc. makes Square Hy Mu 80 for more voltage amplification 


There’s an important difference in the two basic kinds of 
Hy Mu 80, Round Loop and Square Loop. By taking advan- 
tage of it, you design magnetic amplifiers with better perform- 
ance and efficiency characteristics. We stock standard tape 
wound cores made of both, to be sold at non-premium prices. 
We want you to order the right kind. 


Round Hy Mu 80 is demanded when flux densities are down 
around the 10 to 50-gauss level. Its high initial permeability 
results in great sensitivity. It also means fewer windings, thus 
smaller sizes. Combine higher inductance, great sensitivity and 
small size, and if you are a designer of devices like low level 
transformers or thermocouple amplifiers, then you want Round 
Hy Mu 80 tape cores, 


On the other hand, if you design sensitive high gain magnetic 
amplifiers you need Square Hy Mu 80. The transfer curve is so 
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linear and so nearly vertical that a minute change in input 
produces an extremely sharp response. When only a small bias 
supply is available, you get a lot more amplifier per dollar. 
Preamplifier designers are among our best customers, 

So vive la différence! Order the right Hy Mu 80 for your needs, 
We'll supply either, and what’s more, we'll supply them 
quickly. Want the full story? Write Magnetics, Inc., Dept. EM-71. 
Butler, Pennsylvania. 


MAGNETICS inc. 
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BRUSHES 
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Just seat Stackpole Quick-Filming 
Brushes and they’re ready for immediate 
high-altitude operation. Now available in 
5 basic materials groups, these brushes 
cover practically any high-altitude re- 
quirement, present or pending. 


Features include excellent commuta- 
tion; greater stability ; lower, more stable 
temperatures and materially longer life. 
Uniformly distributed high-altitude pro- 
tective ingredients reduce maintenance 
and frequently add greatly to operating 
stability at high temperatures. 


Write for Quick-Filming Bulletin 21. 


ie RADE hh (Electrographitic series) 


. for long life . . . improved commutation 
and operating stability . . . lower tempera- 
tures . . . minimized polarity effect. 


Le RADE 497 (“Concentrated moly’’ series) 


. for top performance on ‘‘trouble”’ jobs. 


8) RA D SE 6 (Metal Graphite Series) 


. for slip ring applications and low-voltage 
commutating equipment. 


e) ug) Y 3 6 i 1 (Treated Copper-Graphite Series) 


. for slip ring applications and very low- 
voltage commutating equipment. 


i) it D i! 5 3 4 Wy (Treated Silver-Graphite Series) 


- for slip rings requiring low, stable con- 
tact drop; also for very moist, very dry, oil 
vapor or other difficult environments. 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 


BRUSHES for all rotating electrical equipment ¢ ELECTRICAL CONTACTS e 
BEARINGS e GRAPHITE CHEMICAL ANODES e GROUNDING ANODES e 
POWER TUBE ANODES e SEAL & CLUTCH RINGS ¢ VOLTAGE REGULATOR 
DISCS « HEATING ELEMENTS e FRICTION SEGMENTS ¢ CERAMIC MAGNETS 
© FERROMAGNETIC CORES e¢ FIXED & VARIABLE RESISTORS ¢ WELDING 
CARBONS . .. and many other carbon, graphite and metal powder products, 
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ore, extraction, and manufacture of 
zinc oxide. Of great interest is the 
section on processing and uses of met- 
allic zinc and zinc-base alloys. Included 
here are applications of zinc as a coat- 
ing material, in soldering, in batteries 
and as an alloying constituent of new 
materials for engineering design. 


Asbestos — Its Industrial Appli- 
cations. D. V. Rosato. Reinhold 
Publishing Corp., 430. Park Ave., 
New York 22. 214 pages, price $5.75. 

The background and applications of 
asbestos are discussed in this book. 
Types of material available are review- 
ed. For example, there is one chapter 
on each of the following materials: 
electrical insulation, asbestos reinforced 
and filled plastics (36 pages), packing 
and gaskets, heat insulation, and fric- 
tion materials. 


Electronic Components Hand- 
book, Vol. 3. Prepared for the 
Electronic Components Laboratory, 
Wright Air Development Center. 
McGraw-Hill Book Co., 327 W. 41 
St., New York 36. 192 pages, price 
$10.00. 

This volume, the last of three, provides 
reliability data for designers of elec- 
tronic equipment on the subjects of: 
transformers and inductors (including 
power, pulse, logic, magnetic amplifiers 
and reactors), connectors, wire and 
cable, tube shields, terminals and hard- 
ware. Where they exist, military spe- 
cifications for the component types are 
included in summary form. 


Graphic Aids to Frequency Re- 
sponse Study of Feedback Con- 
trol Systems. Boonshaft and Fuchs, 
Inc., Hatboro Industrial Park, Hat- 
boro, Pa. 24 pages plus 50 trans- 
parent Nichols Charts, price $5.00. 

This workbook consists of a set of 81% 
by 11 in. graphs of linear transfer 
functions and nonlinear describing 
functions. The graphs are used for 
simplifying analysis and synthesis of 
feedback control ‘systems by the fre- 
quency response method. All graphs 
have a common scale of 6 db per inch 
and 5 deg per division (30 deg per 
sq in.). 


Tables of the Bivariate Normal 
Distribution Function and Re- 
lated Functions. National Bureau 
of Standards, Applied Mathematics 
Series 50. 258 pages, price $3.25 
(order from Superintendent of Doc- 
uments, Government Printing Office, 
Washington 25, D. C.). 

Included in this volume are an intro- 

duction describing the mathematical 

properties of the functions and outlin- 

ing interpolation techniques, and a 26- 

page section on applications of the 


| tables. 
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General Electric Size 2 Magnetic Starter 


Ney aA 


Save 34% on panel space; get all the fast 
installation features of G.E.’s 100-Line 


You see here the actual amount 
of panel space which is occu- 
pied by a new General Electric 
Size 2 Magnetic Starter in the 
100-Line design. Here are just 
a few of the benefits you can 
expect from the new design: 


SAVE PANEL SPACE—General 
Electric Size 2 starter features 
front-accessible wiring, coil, 
contacts and overload relays, 
eliminating the ‘“‘extra’’ panel 
space often required for these 
operations. Lower coil watts 
give less heat, and coil inrush 
current has been reduced so 
you can use a 33% smaller 
control transformer. 


SAVE ASSEMBLY TIME—This 
55% lighter-weight starter is 
fast and simple to _ install. 
Straight-through wiring elimi- 
nates run-around wiring that 
takes extra time and space. 
To mount, just slide the key- 
holes over three mounting 
screws on the panel. You'll 
easily save assembly time. 


GREATER DEPENDABILITY— 


Exclusive General Electric 
wedge-action contacts provide 


positive ‘‘make.’’ Less arma- 
ture mass and spring-loaded 
contacts practically eliminate 
contact bounce, provide longer 
contact life. A new are trap 
design attracts arcs away from 
contacts and dissipates both 
arc and ionized gases. 


EASY MAINTENANCE—Like 
the rest of General Electric’s 
100-Line magnetic starters, the 
Size 2 can be disassembled in 
20 seconds, and contacts can 
be visually inspected in ten 
seconds. Your customers get 
simplified maintenance. 


LIKE MORE INFORMATION? 
Contact your nearby General 
Electric Apparatus Sales Office, 
or write Sect. 731-16, General 
Electric, Schenectady 5, N.Y. 
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A Gulton VO 

“Button Cell’’ Battery 
Powers This 
LIFE LITE* Flashlight 


*Trademoark 


reliable...long-lived 


... rechargeable! 


You can read a watch in the dark with any 
flashlight. The difference in the one the night nurse 
“i is using is that it will probably last a lifetime. 


That’s because it’s powered by a sealed nickel cadmium 
button cell battery that’s recharged simply by 
plugging it into an ordinary wall socket for a few hours, 


Result: A dependable flashlight that can’t corrode 
and never needs battery replacement. 


How Can You Use These Versatile Batteries? 

The rechargeable Life Lite is only one of many 
interesting ways in which imaginative engineers are 
employing these Gulton VO batteries. 

Other applications: transistorized radios, guidance canes, 


missiles, photoflash power packs 
large capacity, light weight, long life, no maintenance, 


wherever small size, 


complete reliability, and easy recharging are desired. 


Most Complete Line Available 

“VO” cells are available in capacities of 100, 180, 250, 500 and 
1750 mah; have a nominal 1.2 voltage; can be packaged 

in any combination to meet your voltage specs. 

Patented sintered plate construction provides exceptional 
cycling characteristics; highest capacity per unit size. 

Like more information? Write us for Bulletin No. VO-110. 


Available from stock— 


GLENNITE BATTERY DISTRIBUTORS 
92-15 172nd Street, Jamaica, New York 


Alkaline Battery Division, Metuchen, New Jersey, 


| | Gulton Industries, Inc, 
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Engineering 
Standards 


UL Standards 


A change in the Provisional Require- 
ments of Extruded Thermoplastic In- 
sulating Tubing has been made. The 
minimum wall thickness for 600-volt 


| No. 24 and No. 22 tubing is changed 


from 18 mils to 17 mils. A_ revised 
page 4, Subject 224 Provisional Re- 
quirements. has been made and may 
be obtained from Underwriters’ Labo- 
ratories. Inc., 161 Sixth Ave., New 


York 13, N. Y. 


ASA Standards 


Availability of the following publication 
is announced by the American Socie‘y 
of Mechanical Engineers and the Amer- 


ican Standards Association: 


B1.12——Trial American Standard 
Class 5 Interference-Fit Threads. $1.00 
This Standard 
tables for external and internal inter- 


provides dimensional 
ference-fit threads of modified American 
National form in coarse-thread series 
from 14 to 1'% in. diam. 


Three new publications of the Inter- 
Electrotechnical 
(IEC) are also available through the 


national Commission 


American Standards Association: 


IEC Publication 106—-Recommended 
Methods of Measurement of Radiation 
from Receivers for AM. FM, and TV 


Broadcast Transmission. 


1EC Publication 108—Recommenda- 
tions for Ceramic Dielectric Capacitors, 
Type I. The recommendation lays down 
uniform requirements for judging me- 
chanical, electrical, and climatic prop- 
erties of fixed capacitors of a_ type 
specifically suited for applications 
where low losses and high stability of 
capacitance are essential. Excluded are 
capacitors for r-f current exceeding 1] 
amp or for reactive power exceeding 
200 var. 


IEC Publication 109-—Recommenda- 
tions for Fixed Non-Wirewound Resis- 
tors, Type II. The recommendation ap- 
plies to resistors of types other than 
wirewound, with a rated dissipation not 
exceeding 3 watts and a rated resistance 
value between 10 ohms and 22 meg- 
ohms. suitable for use in circuits where 
high resistance stability is not of major 
importance. 


Publications 108 and 109°‘ are avail- 
ble at $3.20 each and Publication 106 
at $3.60 from the American Standards 
\ssociation, Dept, PR 95, 70 FE. 45 St., 


New York 17, 
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SHOCKPR 


“SCOTCHCAST” Brand Flexible Resins offer extreme 
crack resistance under thermal or mechanical stress... 
maintain good electrical properties at a high temperature. 


NOW .... positive freedom from cracking in impregnated, molded or dip-coated units by 
using shock-resistant “ScoTcucast” Flexible Resins of appropriate types: 

Low viscosity “Scorcucast”’ No. 235 for fine-wire impregnation; ““Scorcucast”’ No. 
241 for all-around wire impregnation and exceptional casting properties; thixotropic 
No. 253 “Scorcucast” for smooth, drip-free dipping and coating application. Because 
of their remarkable thermal and mechanical shock resistance, these ““SCoTCHCAST” 
Flexible Resins should be considered for every impregnation, casting or dip-coating 
application where a resin cure temperature of 170°F. or above can be used. 


| Proved Production 
Advantages 


““ScoTcHcastT’”’ Flexible Resins offer these 
| important advantages in production line 
operations: 
1. Reduced rejection rates because of excep- 
tional crack resistance. 
| 2. Separate parts are mixed in simple | to | 
2 ratios. 
| 3. Long pot life . . 
temperatures. 
| 4. Short cure cycle—1 to 2 hours at 250°F 


AT MINUS 50°C. aluminum pegs set at 
varying distances from rim of cake of 
“SCOTCHCAST" Flexible Resin are so 
cold they collect moisture in the form of 
frost—yet resin is unaffected and shows 

no sign of cracking. 


. 4 days or more at room 


For critical uses 


"SCOTCHCAST” Brand Flexible Epoxy 
Resin is subjected to full force of ham- 
mer blow with no evidence of cracking or 
shattering. ‘‘SCOTCHCAST" resiliency is 
built into resin molecule, allowing it to 
withstand extreme shocks permanently. 


3M TECHNICAL REPRESENTATIVES 


| ARE READY TO WORK FOR YOU 


3M Sales Engineers are trained and experi- 
enced to aid you in improving your present 
insulation systems, simplifying your pro- 


| duction methods, or developing new forms 
| of insulations to advance your design. They 
| are backed by 3M’s full Technical Service 
and Research organizations. They can also 


advise you on uses and possibilities for 
‘“‘SCOTCH”’ Brand Insulating Tapes... 


| electrical grade tapes you can count on for 
| consistent quality roll after roll. Ask your 


regular 3M Representative, or write 3M Co. 


You can get flexible, mechanical and ther- 
mal shock-resistant “Scorcucast” Brand 
Resins for impregnating and/or encapsulating 
all such components as transformers, solenoid 


coils, motor field coils, printed circuits, capac- | 


itors, and other electronic units. In addition, 
No. 253 can be used for specialized applica- 
tions by brush, spray, or extrusion. 


SIX POUND POWER PAK—encapsulated 
with “‘“SCOTCHCAST"’ No. 241. In large 
castings like this, No. 241 absorbs 
stresses where other resins crack. 
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Free technical manuals for your reference file: 

. Descriptive folder, ‘' ‘SCOTCHCAST'’ Electrical Insulating Epoxy Resins’’—construc- 

tions, applications, characteristics. 

. “Thermal Shock Tests for Casting Resins’’—an original paper detailing newly developed 

and easily duplicated tests for thermal shock resistance . . . by Murray Olyphant, Jr. 

. “Mold Making Process for Encapsulation and impregnation” — illustrates low-cost, 

easy-to-use method for encapsulating a wide variety of components with “‘SCOTCHCAST”’ 

Epoxy Resins. 

. " "SCOTCHCAST’ Brand Resins for Insulating Military Transformers to meet MIL-T- | 

27A"’—comprehensive report on materials, methods, processes for meeting the several 

grades of MIL-T-27A by dip coating, molding, potting, and encapsulating. 

. “Encapsulating Motor Stators’’—a step-by-step illustrated guide for repair and mainte- 

nance shops. Shows both mold and no-mold processes. 

. “SCOTCHCAST” Brand Flexible Resins Technical Data—a comprehensive, descriptive 
paper detailing resins above, including physical and electrical test values. 

All above folders available free upon request to 3M. Use the handy coupon at right to order. 


=> 
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Miienesora [ffinine ano \ffanuracturing company 


«++ WHERE RESEARCH IS THE KEY TO TOMORROW 


| at address below. 


** IS A REGISTERED TRADEMARK OF 3M CO. 


REG. U.S. PAT. OFF 


SCOTCHCAST 


BRAND 


Electrical Resins 
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Minnesota Mining and Manufacturing Company 
900 Bush Ave., St. Paul 6, Minn. g€aB.119 


Please send me technical manuals checked: 


(2 1. “SCOTCHCAST” Electrical Insulating Epoxy 
Resins 

( 2. Thermal Shock Test paper 

(2 3. Mold Making Process 

C0 4. Insulating transformers to meet MIL-T-27A 

(0 5. Encapsulating Motor Stators 

(— 6.“SCOTCHCAST” Flexible Resin Technical Data 


NAME 

COMPANY 

DEES tren 
Ct 


ZONE STATE 
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Editorial Reprints Available 


As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricaL MAaANnurFac- 
TURING reader qualifies for one copy 
of all single-article reprints, without 
charge. 

The numbers at the end of reprint 
listings correspond to the numbers on 
the postcards incorporated in the 
Reader Inquiry Service Section be- 


Accelerometers and Their Characteristics, 
November 1959, 9 pages. A survey of 
the various types of accelerometers 
available today and their character- 
istics when applied to high-perform- 
ance servos such as those found in 
inertial guidance. Includes an intro- 
duction to the theory of inertial guid- 
ance and a list of accelerometer manu- 
facturers and the types of units they 


make. (712) 


Motor-Blower Selection Factors, Novem- 
ber 1959, 6 pages. Performance char- 
acteristics and factors such as relative 
space and cost of the two principal 
forms of blower impeller are discussed. 
The economics and engineering aspects 
of direct motor drive are compared 
with belt drive for blowers as a guide 
for selection. (717) 


Beryllium — The Metal and Its Design 
Potential, November 1959, 7 pages. 
A review of the properties and applica- 
tions of beryllium and some of its 
alloys as related to the design func- 
tions. Physical, thermal, electrical, 
optical and nuclear properties are de- 
tailed and projected into design con- 
siderations. Design parameters are 
explored and expanded with the aid 
of charts, tables and graphs. (719) 


Inherent Motor Overheat Protection 
Moves inside the Field Coils, Novem- 
ber 1959, 8 pages. Two solutions to 
the problem of putting temperature 
sensors in the stator windings of in- 
duction motors are described, both 
involving thermistors. The Westing- 
house solution uses thermistors in a 
newly discovered positive-temperature- 
coefficient resistor mode.  Cutler- 
Hammer's approach makes use of the 
well-known negative temperature co- 
efficient of thermistors applied in a 
transistor circuit. (739) 


Effects of Temperature on Magnetic Core 
Materials, October 1959, 8 pages. Pri- 
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ginning on page 17. Readers should 
circle those numbers which correspond 
to the reprints desired. 

If multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated below. Remittances must 
accompany all orders. Larger quanti- 
ties, special quotation. 


Cost of Single-Subject Reprints 


No. of Number of pages 
Reprints 4-12 16-32 


1 Gratis Gratis 
5 $2.00 $3.75 
10 3.50 6.00 
25 7.50 12.50 


mary design data for most commer- 
cially significant magnetic alloy types 
used for transformers, magnetic ampli- 
fiers, relays, servomotors, etc. in 
military applications. Measurements 
include d-c magnetization curves, 
initial and maximum permeabilities, 
plus a-c and d-c values of “square- 
ness” ratio, remanence, saturation 
magnetization and coercivity for L- 
Silectron, Transformer-A, 11.7 and 15.5 
Alfenol, 3 Mo Thermenol, Super- 
mendur, 7-70 Perminvar, Orthonol, 
AEM 4750, 4-79 Mo Permalloy. (710) 


The Four-Bar Linkage as a Function 
Generator, October 1959, 9 pages. 
Advantages of the four-bar linkage as 
a computing and control element are 
outlined, with examples of both graphic 
and analytical methods of linkage de- 
sign and evaluation. (742) 


Core Factors in Magnetic Switch Per- 
formance, October 1959, 4 pages. In 
“rectangular”-loop core materials for 
static switch applications, permeability 
variation is a major and uncontrollable 
factor. Core test and switch design 
methods for determining and compen- 
sating for magnetic variations are 


presented. (732) 


Silver and Silver Alloys—Properties and 
Design Applications, October 1959, 6 
pages. Silver and silver alloys are dis- 
cussed from their position as important 
design materials in electrical and elec- 
tronic devices and equipment. Inherent 
characteristics such as electrical con- 
ductivity, corrosion resistance, fabric- 
ability and reliability are explained. 
Tabular data are provided and appli- 
cations are summarized. (716) 


Determination of Electrical Resistance of 
Metal Parts, September 1959, 6 pages. 
A tabular compilation of electrical re- 
sistivity characteristics in metallic ma- 
terials most likely to be used in design 


Methods for calculating total resistiv- 
ity are given. Also presented is a 
nomogram for calculating total resist- 
ance of circular cross-sections of 


metals. (709) 


Engineered Cooling Cuts Equipment 
Bulk, September 1959, 10 pages. The 
essential theory and key design con- 
cepts of heat-flow engineering were 
established in the Basic Science article 
“Heat Flow Theory” (ELEcTRICAL 
MANUFACTURING, April 1959—see also 
Basic Science Reprints page in this is- 
sue). The present article, by the same 
author, projects these principles into 
specific analytical design procedures 
for heat exchangers for cooling and 
adding heat as desired in equipment 
assemblies and enclosures. 713) 


Joint Factors in Stacked Magnetic-Core 
Design, September 1959, 8 pages. For 
transformer and other magnetic lamin- 
ated-core designers and for producers 
of electrical steel it is important that 
a separation be made between the 
properties of magnetic materials and 
the effects due to joints and other 
mechanical factors. Analytical meth- 
ods for segregating material from 
other effects in stacked cores are 
presented. (740) 


Fluorochemical-Vapor Cooling Tech- 
niques in Electronic Equipment, Au- 
gust 1959, 5 pages. A study of fluoro- 
chemical vapors used as dielectric and 
heat-transfer material. Properties of 
these materials are discussed. Different 
types of cooling systems and special 
design parameters for use of fluoro- 
chemical vapors in electronic equip- 
ment are investigated and presented. 
Supporting data in the form of charts, 
tables and mathematical formulae are 
given. (718) 


The Shock Spectrum: a Means of Stating 
Mechanical Shock Requirements, Au- 
gust 1959, 8 pages. The use of shock 
spectrum instead of pulse shape to 
specify shock-test requirements. A dis- 
cussion of the instrumentation and 
other considerations involved in this 
new approach. 741) 


Air Filters for Electronic Equipment, 
August 1959, 4 pages. The selection 
and application of mechanical air filters 
for use in the cooling systems of 
electronic equipment, particularly as 
applied to military equipment. Various 
types (viscous impingement, electro- 
static and dry) are described and their 
characteristics are enumerated. (711) 


Relay Test Code Advanced, July 1959, 
10 pages. The gist of relay design 
and application discussions at the 
Seventh National Conference on Elec- 
tromagnetic Relays. Many of the 
technical papers and the reports of 
the NARM Relay Test Code com- 
mittees are summarized. (708) 


D-C Torque Motors for Servo Applica- 
tions, July 1959, 6 pages. Use of the 


torque motor, a type of electromagnetic 
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Bulova infra-red, camera, TV and radar techniques are being combined with 
Bulova analysis and display systems for defense and industry. 


Bulova infra-red R & D extends to fire control systems, filters, reticles and ther- 
mistor bolometers, as well as advanced work in mosaic and photoconductor cells. 
Here is a proven capability ready to assist you in any area of IR development from 
black body emanations through detection to final display. 


Experience in precision design and precision manufacture is the Bulova tradition, 
the Bulova capability. It has been for over 80 years. For more information write — 


Industrial & Defense Sales, Bulova, 62-10 Woodside Ave., Woodside 77, N.Y. 
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New 
horizons 

in 
infra-red... 
by 


Bulova 





NEW SB) 
~  GOLLSUL ON 


AC ELECTRONIC GENERATOR “ 


MODEL 150 


$49500 


PRECISION 
AC POWER 
SUPPLY FOR 


LABORATORY & a P| 
PRODUCTION USE ® @ | 


SPECIFICATIONS 


Power Output 160 V.A. Total Distortion Less than 1% 
Fixed Frequency 400 CPS (other treq. avail. Regulation Less than 1% 
Variable Frequency 350-450 CPS Operates with load of any power factor 

External Frequency 50-4000 CPS Small size 834” x 19” Panel 


Also Available — Model 250 — 250 VA Power Output 


Representatives in Principal Cities 


ITECO}} INDUSTRIAL TEST EQUIPMENT CO. 


55 EAST lith STREET « NEW YORK 3, N. Y. 
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ATTENTION: 


O.E.M. ENGINEERS AND PRODUCT MANAGERS 


DEVELOP NEW PRODUCTS FOR YOUR 
COMPANY TO SELL USING DURAKOOL’S 
STEEL-BODIED “NUDE” MERCURY 
TILT-SWITCHES. 


Basic uninsulated switches now 
available to designers and manufac- 
turers of equipment and wire harness 
assemblies. Many products use rubber 
or plastic casting, encapsulating or 
potting to apply these versatile low 
cost switches. 

Prices from 8% cents each. 


Capacities: 1 to 65 amperes: 6 to 
460 volts. 


Ideal for DC or AC loads. 


Sizes from .366” to .975” in diameter; 
600” to 3.44” in length. 


Write for bulletin D-49 and price sheet 1053. 


yy 
301 Fifth Ave. So., Minneapolis 15 
4747 Bronx Blvd., New York 70 
Saete e e nee en 1969 Avenue Rd., Toronto 12 
P. 0. Box 1352, Postal Station 0. Montreal 
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tranducer, has grown rapidly in the 
last few years. Theory of operation 
and notes on application of commer 
cially available units are given. (726) 


Construction and Use of Alignment 
Nomograms, June 1959, 5 pages. The 
advantages of alignment nomograms 
over Cartesian curves for many en 
gineering purposes are related. Specific 
procedures for constructing alignment 
charts are outlined, with supporting 
examples being given. (731) 


Pressure-Sensitive Electrical Tapes as 
Designed-In Components, June 1959 
5 pages. A review of major types of 
pressure-sensitive electrical tapes, with 
emphasis on new tape materials and 
their effect on application problems 
Areas of application are summarized 
and test methods listed (703) 


Clad and Laminated Metals—Their De- 
sign Potentials, June 1959, 7 pages 
Presented are examples of areas of 
ipplication of combined metals. Com 
binations by cladding and laminating 
give, for certain applications, a su 
perior product which vields the best 
properties of each constituent metal 
Treated in this article are the precious 
ind rare metals, aluminum, steel, cop 
per and molybdenum combinations 
Illustrated by typical case histories 
supported by graphs charts and 
illustrations (707 


How to Specify Insulating Varnishes 
For Equipment Reliability, May 1959 
6 pages. Major insulating varnish 
types are identified, their properties 
ind application areas evaluated, and 
compatibility with other elements of 
electrical systems analyzed. Emphasis 
s given to insulating varnishes as key 
components in designing insulation 
systems for optimum equipment life 
ind reliability (730) 


Static Switching Today, May 1959, 9 
pages. A survey of static switching as 
it 1s applied in machine control SVS 
tems. Includes theory of switching 
circuits and how various types of de 
vices are used. Units supplied by 


various manufacturers are also dé 


scribed (714 


Load Factors in Selection of Eddy 
Current Drives, April 1959, 7 pages 
Phe various forms of eddy-current 
couplings and brakes have particular 
characteristics. These, together with 
the nature of the mechanical load 
must be considered in selecting drive 
components and electrical controls for 
a drive. Load and drive factors are 
discussed to illustrate drive  sele 
tion. (727) 

Editorial Index to Electrical Manufac- 
turing for 1958, 24 pages. This yearly 
subject-classified index is completels 
innotated. Includes an author index 
ind reproduces the ELectricaL MANt 
FACTURING Subject Classification and 
Alphabetical Subject Cross Index. (734) 


Progress in Micro-Module Development, 
March 1959, 8 pages. An ELECTRICAL 
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74 YEARS OF 
eer UAE 
EXPERIENCE... 


SINTERED SILVER 
CADMIUM OXIDE 
Ue tiy: 


THOMSON 
“710” 


CONTACTS 


Thomson 710 Silver-Cadmium Oxide Heavy 
Duty Electrical Contacts, cold-headed directly 
from sintered wire, cost no more than 
oxidized contacts because of Thomson's 
special equipment and techniques. Yet, they 


give you the benefits of: 


1. Uniform Dispersion of Cadmium Oxide throughout 
the silver matrix. 


UNIFORM DISPERSION OF 2 . ss 

periph Hn tail 2. Uniform Electrical Conductivity for all parts and all 

CLES AND UNIFORM 
; batches. 


3. Uniform Ductility which provides reproducible 
staking and double heading. 


Complete Data and Test Samples are available on request. 


Electrical Contacts Division 


wuoson L. fA} M|SO)|N] mec. co., wartnam sa, mass. 


Since 1885 
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LOW 
NOISE 


@ « 


—wnntin 


CHOPPERS 


ACTUAL SIZE 


BY 
AIRPAX 


Airpax low noise choppers have been developed 
for use where exceedingly low level signals in low 
impedance circuits would be lost in the background 
noise attendant with normal chopper operation. 
Designed after exhaustive tests for optimum elec- 
trostatic and electromagnetic shielding, Series 
2300 choppers, using a drive frequency of 400 
CPS, have found wide acceptance where the noise 
level must be kept in the 1 microvolt region. 

lilustrated is the type 2300-1, with top solder 
lug terminals. Also available with plug-in top ter- 
minals and external mu-metal shield. 


CM33 


Ng 
he 


CAMBRIDGE DIVISION, CAMBRIDGE, MARYLAND 
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MANUFACTURING Staff Report describ- 
ing significant accomplishments in the 
Signal Corps Micro-Module Program. 
Details of micro-element development 
are given and preliminary modules and 
modular asemblies are illustrated. (736) 


Electromagnet Copper-to-Iron Ratio for 
Optimal Design, March 1959, 4 pages. 
The design of an electromagnet by 
analysis instead of by successive ap- 
proximation permits determining the 
best ratio of copper to iron. Details of 
the method are illustrated using a 
continuous-duty d-c tractive maguet as 
an example. (720) 


New Developments in Magnetic Ma- 
terials and Applications, February 
1959, 13 pages. Design significance 
of research progress reported at the 
1958 AIEE Conference on Magnetism 
and Magnetic Materials for: computer 
elements, microwave components, per- 
manent magnets, soft magnetic alloys 
and new magnetic devices. (702) 


Flexible Programming with Optical 
“Punched” Cards, January 1959, 6 
pages. An outline of the particular 
control problems in stage and studio 
lighting, with a description of the ad- 
vantages of new magnetic amplifier 
systems for these applications. Details 
are also presented of a versatile con- 
trol programming system using cards 
but still permitting flexible supervision 
by an operator. (733) 

Designing Optimum Inductors’ with 

Ferrite-Biased Gaps, January 1959, 

14 pages. Barium ferrite permanent- 

magnet slabs in place of air gaps per- 

mit up to 78 per cent volume reduction 
of iron-cored inductors carrying asym- 
metrical currents. Analysis and syn- 

thesis procedures for iron (Audio A) 

or ceramic (Ferramic H) cores with 

ferrite gaps, air gaps or no gaps— 
depending on which is optimum for 

the specific case. (701) 


Perforated Storage Media, December 
1958, 9 pages. Survey of primary 
punched tape and card systems: early 
development, current media formats 
and dimensions, compatibility prob- 
lems, standardization progress, sources 
of perforated record equipment. A 
basic reference for engineers designing 
or integrating machine systems utiliz- 
ing punched cards or tape for pro- 
gramming or data storage. (705) 


Effects of Temperature on Magnetic 
Properties of Nickel-Iron Alloys, Nov- 
ember 1958, 5 pages. Normal magne- 
tization curves, saturation induction, 
remanence and coercivity measure- 
ments at both increasing and de- 
creasing temperatures in the —60 to 
+250 C range for: Hipernik V, Hiper- 
nik, Deltamax, Mo-Permalloy and 
Hymu 80. (721) 


Special Purpose Flexible Cord, November 
1958, 4 pages. Properties of flexible 
wire and cable materials are tabulated. 
Special cord designs for use in equip- 
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J PRECISION 


HM MOTORS DELIVER 


df PRICE dg PERFORMANCE 


EVERY TIME! 


Heinz Mueller makes motors 
for hundreds of applications 
—and they all bear the un- 
mistakable mark of Heinz 
Mueller’s excellent quality 
control, From original de- 
sign through the last phase 
of production, Heinz 
Mueller engineering skill 


DC Motors - 
ae. quiet operating motors in a=” 7 
ee especially compact designs "> a - 
| 


and experience are devoted 
to supplying you with de- 
pendability you can count 
on. 

Write for detailed infor- 
mation on standard specifi- 
cations or let us tackle your 
particular engineering re- 
quirements. 


Cool running, 


where space requirements 


are rigid. 


supplied with terminal studs 
or leads, as specified Ball 
bearing or sleeve bearing, 
commercial or military ap- 


plications 


DC Dynamotor Especially designed 
for high altitude aircraft opera- 
tion where service is critical. 


im 


HEINZ MUELLER 


1906 N. Cicero Avenue * 


Capacitor Type Motors For 
24 to 220 Volts. Can a 


AC/DC Series Motors —- 
low-priced power units for 
pliances, office machines, on 
Has wide range of practical ap- 
plications. 


Engineering 
Co., Inc. 


Chicago 39, Illinois 
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RSA RULE TNS 


Form Wound 
High Temperature 


Encapsulated 
Bobbin 


Paper Interleave 


Send us your coil 
specifications for quotation. 


TRANSFORMERS MADE TO ORDER 


THE DANO ELECTRIC COMPANY 
93 Main Street ¢ Winsted, Conn, 


NOVEMBEB 1959 


Circle 226 on page 17 





/COLD-HEADED 








\ FACILITIES 


PROMPT 


AND 


PRODUCTS, 


STANDARD OR SPECIAL- 


PURPOSE... THEY'RE 


NATIONAL LOCK COMPANY 


ROCKFORD, ILLINOIS 
FASTENER DIVISION 
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o” 


Cy 
O, 
Only Sealectro 
places <¢y_ > 


® 


TEFLON’ | 
TERMINALS 


q 
at your 
5° immediate 


There’s a representative stock of ‘‘Press-Fit’’ 
Teflon Terminals stocked locally for your conven 
ience. They are immediately available in limited 
quantities. Packaged in sealed window envelopes 
with concise instructions. Also, matched insertion 
tools for proper installation 


For your prototypes .. . lab needs . . . special 
equipment . . . needed-in-a-hurry production re- 
quirements—take full advantage of that Sealectro 


distributor stock virtually at your finger-tips. 


LITERATURE ... 


Latest ‘‘Press-Fit” catalog containing the outstand- 
ing selection of Teflon terminals, jacks, plugs and 
connectors, is yours for the asking. 


*Reg. Trademark, 
E. |. DuPont de Nemours & Co., Inc. 


Q)Stakethe 


139 HOYT STREET + MAMARONECK, N. Y. 
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Ferrites for 


Electronic 


ment required to operate in severe | 


(735) | 


environments are described and illus- 
trated. 


Treating Transfer Functions on Analog 


Computers, October 1958, 8 pages. A 
description with examples of a method 
of applying the transfer function of a 
system to an analog computer to dete 
mine the system output. Applicable to 
systems initially at rest or those with 
input conditions, the method takes ad 
vantage of the symmetry of a transfer 
function expressed in terms of the 
Laplace operator in converting it to 
a mechanical schematic 
puter. 


for the com- 
(728) 


Magnetic Properties of Stainless Steels, 


September 1958, 5 Practical 
tips on selecting a corrosion-resistant 
steel with particular magnetic (or non 
magnetic) properties for structural and 
applications. Effects of heat 
and/or cold working on 
magnetic properties of martensitic 
ferritic and austenitic alloys are re 


viewed (725 


pages. 


magnet 
treatment 


High-Power R-F Tuning. 
August 1958, 12 pages. The results of 
a program for evaluating commercially 
available ferrites for power tuning ap 
plications in the range from 2.5 to 30 
megacycles. Included are (1) magnetic 
permeability and Q as a function of 
frequency, r-f flux and temperature 
(2) dielectric constant and Q, as a 
function of frequency and_ electric 
field intensity; and (3) recommenda- 
tions for specifications data to be 
supplied by ferrite manufacturers. (715) 


Dynamic “In-System” Specifications for 


Control Components, August 1958, 
8 pages. The urgent reasons why the 
performance specifications for com- 
ponents to be used in control systems 
should include their dynamic perform 
ance characteristics and define their 
in-system behavior and requirements 


Examples of system characteristics of | 


several important 
nents are 


types of 
included. 


compo- 


Standards for Industrial 
Equipment, August 1958, 8 pages. In- 
ternal standards for the electronic por 
tions of machine control 
prepared by the Plant Engineering 
Electronics Committee of General Mo 
tors Corp., are offered for general in 
dustry use in 
JIC Standards for 


ment (se¢ 


systems 


Industrial Equip 


JIC Electrical Standards for Industrial 


Equipment, June 1957, 24 pages. Re- 
vised specifications for the application 


of electrical apparatus to welders and | 


other industrial equipment, 
ed by 
held in Detroit, March 1957. 


as adopt 


Single 


(723) | 


conjunction with the | 


Reprint 724 (722) | 


the Joint Industry Conference | 


reprints, no charge. Multiple quanti- | 


ties may be obtained at the following 


prices: 5—$3.75; 10—$6.00; 25—$12.50: | 


50—$20.00; 
with order payable to ELecrricai 
MANUFACTURING, 205 East 42 Street, 


New York 17. (724) 


100—$30.00. Send check | 


Ghee 
a 


ARE AVAILABLE LOCALLY FOR 


Ta ee 
THESE STOCKING DISTRIBUTORS: 


BALTIMORE, MD.—Kann-Ellert Elec., Inc. 
9 South Howard St., SAratoga 7-4242 


BATTLE CREEK, MICH.—Electronic 
Supply Corp. 
94 Hamblin St., WOodward 2-9514 


BOSTON, MASS.—Cramer Elec., Inc. 
811 Boylston St., COpley 7-4700 


CHICAGO, IIl.—Newark Elec. Company 
223 W. Madison St., STate 2-2944 


DALLAS, TEXAS—Wholesale Elec. Supply 
2800 Ross Avenue, Riverside 8-5736 


DAYTON, OHIO—Stotts Friedman Co. 
102-112 N. Jefferson St., BAldwin 4-1111 


HARRISBURG, PENNA.—D & H Distributing 
Co., Inc. 
2535 North 7th St. 


HOUSTON, TEXAS—Harrison Equip. Co., Inc. 
PO Box 2514, 1422 San Jacinto St., 
CA 8-6315 


INDIANAPOLIS, IND.—Radio Distr. Co. 
1013 N. Capitol Ave., MElrose 5-8311 


LOS ANGELES, CALIF.—Graybar Elec. Co. 
210 Anderson St., ANgelus 3-7282 


PHILADELPHIA, PA.—Harold H. Powell Co. 
2102 Market St., LOcust 7-5285 


SALT LAKE CITY, UTAH—Standard 
Supply Co. 
225 East Sixth S. St., Elgin 5-2971 


SAN JOSE, CALIF.—Peninsula Elec. Supply 
656 South First St., CYpress 4-8781 


SOUTH BEND, INDIANA—Radio 
Distributor Co. 
1212 High St., ATlantic 8-4666 


ST. LOUIS, MISSOURI—Electronic 
Components for Ind. 
2427 Brentwood Blvd., WOodland 2-9917 


TORONTO, CANADA—Electro Sonic 
Supply Co. Ltd. 
543 Yonge St., WAlnut 4-9301 


TULSA 19, OKLA.—Radio, Inc. 
1000 South Main St., Glbson 7-9127 


WASHINGTON, D.C.—Silberne Radio 
& Electronics Co. 

3400 Georgia Ave., N.W., 
TUckerman 2-7800 
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Nickelectric News 


DEVELOPMENTS IN NICKEL AND NICKEL ALLOYS AND THEIR APPLICATIONS 








ow Nickel materials help = 


life of low cost timing relay 


Magnetostriction of Nickel drives Deltime 
data storage unit. With these units some 
15 million bits of data could be handled in 
a 3x7x7 foot space, engineers estimate. 


Shock waves in Nickel *‘store”’ 
1500 tidbits of information 


MAMARONECK, N. Y.: Magnetostriction 
produces shock waves in Nickel that 
travel one foot in 63.24 micro-seconds. 
Deltime, Inc. uses this property of 
Nickel to build electronic delays. Their 
latest is a data storage unit that packs 
eleven 300-micro-second delay lines ina 
small space. Ten lines “store” 150 tid- 
bits of data each, the other “clocks.” 
Center rod of unit (shown with plas- 
tic cover to reveal detail) is structural. 
Nickel delay lines are concentrically 
located around rod. Schematic shows 
single line with associated pulses. 


READ READ Lg 


PULSE PULSE 


Ja) — 


PULSE KILL 


Delay lines are Electronic-Grade “A 

Nickel, drawn fine and stranded to re- 
duce eddy currents. Deltime engineers 
say Nickel combines large and efficient 
magnetostrictive response, minimum 
corrosion, excellent mechanical prop- 
erties. Pertinent Literature: Inco Bul- 
letin 127-B _ Circle 229 on page 17 


Mereury “trap” 





above 100,000 contacts 


EAST ORANGE, N. J.: Low initial cost, 
reliability and long life are featured in 
a line of thermal relays (Red Line) 
now being made by G-V Controls, Inc. 
Relays are small, light, free of organic 
materials and glass. Units delay from 
0.1 sec. up to about 5 min... . or sense 
sustained changes in voltage or cur- 
rent. Instant reset circuitry is possible. 
Rated contact life is 100,000 makes and 
breaks at full load (5 amps at 125 


HEATING AND COOLING 
CURVES FOR TWO THERMAL RELAYS 


NICKEL CHROMIUM 
© increasing time 


Increasing temperature differential 
Decreasing contact gap, no relay 


STAINLESS STEER 


STAINLESS STEEL 


PERMANICKEL 


STAINLESS STEEL 


WICKEL PLATE 


Cut-a-way of G-V Red Line Timing Relay 
shows typical places nickel-containing 
materials improve construction. 


’ of Nickel winterizes Sitineeees tube electrodes 


. helps stop end-dulling in freezing weather 


NORWALK, CONN.: Cold winters can 
often pull the sales punch of fluorescent 
signs. That is why Voltare Tubes, Inc., 
now puts out an electrode that over- 
comes migration of mercury vapor 
from hot to cold parts of tubes in freez- 
ing weather... stops dulling of light 
near tube ends. 


New Everon Electrode showing nickel barriers 


Trick is nickel barriers that trap 
liquid mercury but allow controlled re- 
lease of vapor to provide constant 
supply near electrode. 

Nickel (Electronic Grade “A”) re- 
sists damage from amalgamation and 
proved just right for these barriers 

. is easily outgassed. Nickel in the 
form of a thin layer coated on iron 
strips is also used for electrode cones 
..for its good outgassing and emission. 
Pertinent Literature: Inco Bulletin 51-B 
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HUNTINGTON ALLOY PRODUCTS DIVISION 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N.Y. 


volts, non-inductive AC). Points are an 
alloy of palladium-silver. 

Designers of the relays credit Nickel 
and alloys containing Nickel for many 
important design features. They state: 

*“Electronic-Grade “A” Nickel in wire 
or ribbon form, used for 3 of the elec- 
trical conducting parts, is chosen for 
its combination of conductivity, ease of 
spot-welding, and resistance to oxida- 
tion. 

“Permanickel* age-hardenable elec- 
trically conductive nickel alloy is used 
for a spring which must not only retain 
its strength at elevated temperatures 
but must have good electrical conduc- 
tivity, too. 

“Type 304 Stainless Steel, a nickel- 
containing material, is used for 19 
structural parts. It was selected for 
corrosion resistance, for ability to spot- 
weld easily, for high and uniform ex- 
pansion with temperature change. It is 
this last characteristic which produces 
the basic action of relay. 

“Nichrome® V nickel-chromium alloy 
is used for heating-element windings 
which actuate the relay. This durable 
material was chosen for high resistiv- 
ity, for ability to withstand high tem- 
peratures, and for minimum resistance 
change with temperature—thus making 
relay operation independent of ambient 
temperature. 

“Eight parts made of alloys not con- 
taining Nickel are Nickel-plated for 
corrosion protection and appearance.” 
Pertinent Literature: Inco Bulletins 
T-15, 117-B ® Driver-Harris Co 
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Metal that helps you catch tai 
helps you catch big fish, too. 


The sales-building good 
performance and long 
life conferred by Nickel 
and nickel alloys on 
electrical products are 
conferred on fishing 
tackle, too. To have fun 
and, at the same time, 
become better ac- 
quainted with these 
metals...send for, “How to Catch Fish 
When They’re Not Biting.” In this 
fast-reading booklet, experts show you 
tricks they use to land more big fish 
with nickel alloy tackle, 


*Inco trademark 


4% 
INCO. ALLOY PRODUCTS 


TeeaDt mabe 
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THERMOSTATIC 


a 


ACTUATES ANOTHER PRECISION PRODUCT... 


N 


> POCKET 
THERMOMETER 


A PRODUCT OF 
MARSH INSTRUMENT COMPANY 
SKOKIE, ILLINOIS 


The Marsh Pocket Thermometer is a simple but reliable instrument 
for all-purpose use. It is invaluable for checking temperatures in 
home freezers and refrigerators, commercial walk-in boxes, heating 
jobs, and general thermometer use. It is non-breakable, easy to 
read, low priced. To maintain accuracy, the ‘‘Recalibrator Slide’’ on 
the back permits easy adjustment. The actuating coil element is 
Chace Thermostatic Bimetal. 


It is obvious that many of the uses of Chace Thermostatic Bimetal 
are of the workaday variety far removed from the romance of 
missiles, interplanetary rockets, supersonic aircraft, and the like. 
Literally millions of temperature controls, switches, breakers and 
indicators keep the American way of life functioning smoothly — and 
in most cases we hardly know of their existence because they 
operate without care of any kind for years. Even such simple instru- 
ments as the Marsh Thermometer require elements of precision 
fabrication and the ruggedness necessary to resist dropping and 
other accidental mistreatment. Chace’s third of a century as manu- 
facturers of precision bimetal only is one of the main reasons why 
Chace is specified by large and small buyers everywhere, whether 
their products be complex or simple. 


While your new temperature actuated device is in the preliminary 
design stage, send for our booklet, ‘Successful Applications of 
Chace Thermostatic Bimetal.”’ It’s full of design engineering data 
with illustrated examples of uses of bimetal. Remember, too, that 
our precision product is available in strips, coils or completely 
fabricated elements of your design. 


W. M. CHACE CO. 
Thernostalic Bimeltal 


1608 BEARD AVE., DETROIT 9, MICH. 
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PLUS or MINUS 


(Continued from page 16) 


its theme the statement: “Electronic 
Components—Art and Science.” The 
emphasis on basic science is reflected 
in the subjects for which papers are 
being solicited both from engineers 
and scientists: semiconductors (recti- 
fier diodes, tunnel diodes, compound 
formation, etc.) ; tubes (klystrons, trav- 
eling wave, linear magnetron, Nuvis- 
tor); composite component circuits 
(molecular electronics, microminiaturi- 
zation); thin-film components (mag- 
netic, conductive, dielectric, semicon- 
ductor) ; components-systems integra- 
tion; thermoelectric power and devices; 
magneto-optics; thermoplasticity; cryo- 
trons and cryogenics; electrolumines- 
cence; ferroelectric-ferromagnetic de- 
vices; square hysteresis-loop materials. 

Abstracts of 150 to 200 words are 
desired by December 15, 1959 and 
should be sent to: Gilbert B. Devey, 
Technical Program Chairman, Sprague 
Electric Company, North Adams, Mas- 
sachusetts. 

The 1960 Conference is the tenth 
annual meeting under the joint spon- 
sorship of the AIEE, EIA (Electronic 
Industries Association), IRE and 
WEMA (Western Electronic Manufac- 
turers Association). 

ELECTRICAL MANUFACTURING’s Spe- 
cial Features Editor Alex. E. Javitz is 
Chairman of the Publications Proceed- 
ings Committee. He has been Publica- 
tions Chairman for the 1952, 1954. 
1956 and 1959 Conferences. 


Postcard return forms are provided 
on page 17 as a convenience to the 


reader in obtaining— 


New Components and Materials 
Additional data from the sup 
plier of any item reviewed. 

Literature for the Design 

Engineer 
A copy of any manufacturer’s 


publication reviewed. 


Feature Article Reprints 
Single copies of selected feature 


articles. 


Advertised Products 
More information on any prod- 


uct or service described. 
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ELECTRICAL 
PORCELAIN 


Produced to meet your 


individual requirements 


Send Your Drawings and Specifications to: 


AKRON PORCELAIN CO. 


2725 CORY AVE., AKRON 14, OHIO 
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BLUE RIDGE 
RA-GRID® 


radiant 
heater cae: 


“Tops in safety, service 
and efficiency” 


Give your customers today’s best value in radiant 
heat: RA-GRID, the tempered glass plate with perma- 
nently fused aluminum circuit. It’s 100% efficient 
converts every bit of energy to usable heat. Safe, 
strong, good-looking, too. And you'll find RA-GRID 
easy to handle... available in the widest range of 
sizes and types. Call your local jobber ... or our 
nearest district office. 


AMERICAN-SAINT GOBAIN 


CORPORATION 
AA ept. EM7, 625 Madison Avenue, New York 22, 
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iy THE EVIDENCE 
PILES UP! 


World’s largest manufacturer of phonographs 
and record changers cuts materials costs 88%, 
by using IDEAL All-Plastic wire connectors.* 


If you need a low-cost, quick and easy method of 
joining several smaller gauge wires in a fool-proof 
connection, send in the coupon below for a FREE 
SAMPLE of IDEAL ALL-PLASTIC WIRE 
CONNECTORS. 


See for yourself, at no cost, how this phonograph 
manufacturer, and many, many other leading com- 
panies, have drastically reduced their material and 
assembly costs of making electrical connections. 


Scientifically designed, production-line proven — 
IDEAL All-Plastic Wire Connectors provide a 
quick, economical means of making safe, positive 
connections without abrasive damage to even the 
thinnest wire strands, Special super-smooth threads 
compress, twist and grip the wires; generous length 
and high dielectric strength plastic shell assures 
perfect insulation. Scientific knurling makes them 
easy to apply by hand or small power driver. Avail- 
able in 5 sizes (up to 1,000 volts) for all produc- 
tion needs. 


FREE SAMPLE ASSORTMENT 
LETS YOU CONVINCE YOURSELF 


*Attach the coupon below to your letter- 
head; we'll send you complete technical 
data and a free sample assortment for 
you to test. We'll also include the name 
of the above company, and application 
details. 


IDEAL INDUSTRIES, INC. 
1008-K Park Avenue, Sycamore, Illinois 


Gentlemen: 


0.K.— Convince us! Let us try that free sample assortment of IDEAL 
All-Plastic Wire Connectors. (No obligation, of course.) 


We manufacture 
Company Name:_ 
Address: 
 — 
Zone: 

State: 


Title of Individual: 
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Basic Science Reprints 


Reprints of special Basic Science and 
Engineering inserts or of compendi- 
ums into which are combined several 
separate articles on the same or re- 
lated subjects are available at the 
nominal prices indicated in each list- 
ing. For ordering convenience, use 
the handy Order Form below. Orders 
must be accompanied by remittance 
(either in cash or check). Please 
include 3% City Sales Tax on orders 


for New York City delivery. Make 
checks payable to ELEcrricaAL MANv- 
FACTURING. 

Since handling expenses are a sig- 
nificant cost element in the distribu- 
tion of the reprints, grouping of 
orders makes possible substantial 
savings in cost per copy. For single 
shipments to one address, the follow- 
ing prices (which include shipping 
charges) per copy apply: 


Reprint Title Quantity 
5 25 
Sampled-Data Systems $.90 $.7 
Microwave Amplifiers .90 
Digital Methods 90 
Properties of Plastics 90 
The Electric Field 90 
Shock and Vibration 90 
Key to Metals 90 
Heat Flow Theory 90 
ferromagnetism .90 
Fourier Analysis .90 
Semiconductor Theory .90 


Automatic Control Systems 2.00 
Boolean Algebra 80 
Slide Rule Mathematics 90 
Casting Resins ie As 

Prices for larger quantities are avi 
able on request 


——————$—$——— 


Sampled-Data Systems, November 1959 
20 pages plus cover. An introduction 
to the analysis of closed-loop control 
systems in which the input or error 
signal is periodically sampled (rather 
than continuously connected) as _ by 
a sampling switch, analog-digital con- 


verter, digital computer, etc. Presents 


impulse-response, frequency-responst 
p-transform and z-transform methods 
Shows how to plot Nyquist, Bode and 
root-locus diagrams with z transforms 
Written by Carl O. Carlson of the Na 
tional Cash Register Co 
tributions to the art include: the use 
of the normalized sT plane for analyz- 


whose con- 


ORDER FORM 


Please enclose remittance (cash or check) with your order. 


No. of 
copies 


_ Sampled-Data Systems 


Automatic Control System Design 


Low-Noise, Solid-State Microwave Amplifiers 
Digital Methods in Measurement and Control 


Fundamental Properties of Plastics 


The Electric Field 


Fundamental Nature of Shock and Vibration 


Key to Metals in Design Engineering 


Heat Flow Theory 


Fundamentals of Ferromagnetism 


Using Fourier Analysis in Design 


_ Introduction to Semiconductor Theory 


Engineering Applications of Boolean Algebra 
Five-Year Annotated Editorial Index 


Slide Rule Mathematics 


Casting Resins and Application Techniques 


Total Copies 


TO: ELECTRICAL MANUFACTURING, 205 East 42 St 


NAME 


COMPANY 


ADDRESS 


CITY 


Total Order 
New York 17, N. Y. 


TITLE 


ZONE 


(Add 3% City Sales Tax for New York City delivery.) 


ing sampling adequacy, “pseudo 
sampling” for determining between 
sample response and the use of the 
z transform for table-generating func 
tion. The last is presented for the first 
time in this article. $1.00 
Automatic Control System Design, 64 
pages plus cover. A practical textbook 
complete as to theoretical detail, on 
the design of servomechanisms. In the 
process of describing design by trans 
fer function, system equation, and root 
locus methods, techniques of analysis 
such as Bode diagrams, Routh’s cri- 
terion, and Nyquist plots ire also pres 
ented. Includes background material 
I iplace 
bibliography for further 
study. Originally published in Exerc 
rRICAL MANUFACTURING as a series of 
six articles. Written by Ira Ritow, Ait 
$3.00 


on complex variables and 


transforms, 


borne Instruments Laboratory 


Low-Noise, Solid-State Microwave Am- 
plifiers, October 1959, 16 pages plus 
cover. An engineer-oriented examina 
tion of the basic quantum mechanical 
principles underlying the operation of 
paramagnetic MASER amplifiers (it 
cluding ammonia gas, two-level solid- 
state, three-level solid state and optic- 
illy pumped devices) and parametric 
MAVAR amplifiers (both semiconduc 
tor and ferromagnetic types) plus a 
brief introduction to the tunnel-diod« 
amplifier. Written by R. D. Haun, Jr. 
ind T. A. Osial of the Westinghous« 

$1.00 


Re search I ibs 


Digital Methods in Measurement and 
Control, September 1959, 20 pages 
plus cover. This review of digital tech 
niques covers: (1) characteristics and 

advantages of the digital, or numerical 

approach; (2) basic principles of 

coding, sampling and quantizing; (3 

digital components and techniques foi 

logic and information storage, includ- 
ing flip-flops, AND, OR, NOT, NOR Cir- 
cuits, comparators, memory devices 
ind relative characteristics of core: 
re lays (4 } 


digital measurement devices, including 


tubes transistors ind 
pulse generators, counters, voltage con- 
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THIS IS GLASS 


A BULLETIN OF PRACTICAL NEW IDEAS 


NEW! A MIRROR THAT 
MAKES HEAT TO BEAT SLEET 


You're jockeying a big trailer-truck along 
a winding road in New England. It’s 
winter and you run into a real storm—a 
mixture of snow, rain, sleet. You flip a 
switch and... 


Your outside rear-view mirror is clear 
in a matter of minutes. From a heavy 
coating of ice to all clear is only a matter 
of five minutes, even at —20°F. 

The mirror, as you might guess, isn’t 
just ordinary glass. It’s one of Corning’s 
Pyrex brand glasses, and on its surface is 
an electrically conductive coating that’s 
permanently fired in. 

This coating (a metallic oxide) is what 
turns your mirror into a heating element 
when a current is applied. The heat melts 
ice and snow, prevents fog or drizzle from 
condensing on the surface. 

If you use EC (electrical-conducting) 
glass for self-defrosting mirrors you get a 
bonus, since the coating also provides a 
non-glare surface. 

But don’t go away just because you 
gave up dreaming about driving a truck- 
and-trailer years ago. This PyrEx® elec- 
trical-conducting glass comes in a wide 
choice of applications. 

For example, there are some enterpris- 
ing people who build radiant heaters, 
both portable and permanent, around 
such glass panels. 

Comfort, safety, and convenience are 
the big selling points. Comfort because a 
panel of EC glass is an area heat source 
putting out long waves. Safety because 
there are no exposed wires or moving 
parts. Convenience since you have no 
burning, no need to do extensive re- 
modeling in order to install it. 

These same reasons have made Pyrex 
brand radiant heating units attractive to 
indusy—for heating, drying, curing, 
baking. 
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And, if you turn a panel of this glass 
around, it becomes an infrared reflector 
you can see through—blocking heat but 
still passing about 75% of the visible light. 

Facts? Ask for PE-34, a 4-page data 
sheet, and/or PE-60, all about industrial 
heating units. Please use the coupon. 


HOW NOT TO FOUL 

UP THE WORKS 

It’s really very simple: If you’re using 
spun insulation in electric motors, you 
have to keep the stuff from falling into the 
moving parts and fouling up the works. 

Two things to keep in mind when 
selecting a material for this application: 
(1) It has to stand up to quite a bit of 
heat. (2) It can’t be a conductor. 

Some materials that are good insulators 
can’t take the heat. Others function well 
at high temperatures but are not 
insulators. 

Glass solves both problems. So, people 
who make electric motors build them 
with wedges made from Pyrex brand 
glass No. 7740. (We supply the glass in 
rod form.) 

This particular Pyrex brand glass 
offers a number of useful characteristics. 
It is corrosion resistant and has a linear co- 
efficient of expansion of 32.5 x 10°? in/in 
between 0° and 300°C. Dielectric prop- 
erties at | Mc and 20°C. are as follows: 

Power factor 46 
Dielectric constant 4.6 
Loss Factor 2.1 


Wedges made from glass rod support spun 
insulation in electric motors. Glass is non-conduct- 
ing and able to stand high temperature without 
deforming. 


You can get Pyrex brand glass No. 7740 


in a variety of forms—pressed ware, blown 


CORNING MEANS 


*) CORNING GLASS WORKS 59 Crystal St., Corning, N. Y. 


RESEARCH IN 


FROM CORNING 


ware, plate, tubing, rod and panels. 

Mechanical, thermal, electrical, and 
chemical properties of this glass and 27 
others are spelled out in Bulletin B-83. 
Check the coupon for a copy. 


PLUMBING FOR POSTERITY 


An increasingly popular fixture in labs, 
hospitals, schools, chem plants, and photo- 
engraving shops is the glass drainline. 

With good reason. Glass drainlines are 
fashioned from Pyrex brand glass No. 
7740. 

This is the glass that ends your worries 
about corrosion. For example, if you were 
disposing of waste hot hydrochloric acid, 
your Pyrex pipe would still be around at 
the end of 200 years. 

And glass is smooth; very little chance 
for block-up in the pipe. If such does 
occur, however, you can spot the exact 
point and take corrective action, without 
having to take down the whole system. 

In fact, almost anything made from 
Pyrex brand glass No. 7740 will be 
around for quite a while because this glass 
is able to cope with thermal shock and 
physical knocks, too. 

Available in many forms—tubing, rod, 
pipe, plate, and all kinds of shapes. 

Fill in the gaps in vour files with these 
basic references: PE-30, all about glass 
drainlines; [Z-1, design considerations in 
glass. Any or ail, free. Use the coupon. 


MORE ON PYROCERAM* 


Developments in our new crystalline ma- 
terials made from glass are treated at 
length in the third Pyroceram Progress 
Report. See coupon. 

*Trade Mark 


GLASS 


Please send me: (] PE-60, booklet on heating units; () B-83, ‘‘Properties of 
Selected Commercial Glasses’; [] 1Z-1 Design Manual; [] PE-30 Drainline 
Manual; [[] Pyroceram Progress Report No. 3; [] PE-34, ‘‘Corning Flat Glasses.”’ 


Name 
Company 
Street 
City 


Title 


Zone State 


etal tan catia ea mali cateta teal 
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verters, proximity pickups and posi- 

tion transducers; (5) digital control 

~ actuators. Written by Michael H. 

—— Nothman, Gilfillan Bros., Inc., Los 
OH ‘ Angeles. $1.00 
The Fundamental Properties of Plas- 
tics, August 1959, 16 pages plus eover. 
The fundamental science of polymeric 
materials is related to design engineer- 
ing properties of plastics. Discussion 
covers: the molecular formation of 
polymers; the chemistry of addition 
polymers; the chemistry of condensa- 
tion polymers; the theoretical basis for 
mechanical, electrical and chemical 
properties of polymers. Bibliography 
and glossary provided. Written by 
Thomas D. Callinan, Research Center, 
International Business Machines Cor- 
poration, and Alex. F.. Javitz, Special 
Features Editor, «LEcTRICAL MANU- 
FACTURING. $1.00 


B 
= 
$e 


RVO MOT 


The Electric Field (an Electrical Applied 
| Physics Monograph), July 1959, 12 
| 


pages plus cover. Contents include dis- 
cussions of the following: Electro- 
statics; Electric Fields in Free Space; 
Electric Induction; Capacitance; 
Mechanical Considerations; Field Ef- 
fects in Devices. Written by Paul G. 
Jacobs, Associate Editor, ELECTRICAL 
MANUFACTURING. $1.00 


The Fundamental Nature of Shock and 
Vibration: Theory, Character, and 
Mechanism of Damage, Principles of 
Testing, June 1959, 20 pages plus 
cover. The nature of shock and vibra- 
tion is given in terms of classical phys- 
ics and mechanics. The major types 
of vibration are discussed (periodic, 
random, structural and airborne); also 
the major types of shock (velocity, 
simple impulse, single complex and 
multiple). Combined environments are 
also treated. A section is devoted to 
the effects of shock and vibration on 
missile electronic components. Types 
of damage are tabulated and analyzed; 
principles of testing are given; speci- 
fications are summarized. Glossary and 
Bibliography included. Author is Dr. 
Irwin Vigness, Head, Shock and Vi- 
bration Branch, Mechanics Division, 
U. S. Naval Research Laboratory. $1.00 


— 1.750 —— 
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ERVO MOTOR 


Key to Metals in Design Engineering, 
| May 1959, 24 pages. Basic principles 
of metallurgy are presented and struc- 
tural characteristics of metals related 

to design concepts. Physical and mech- 
anical properties of metals defined. 
The nature and specifications of metals 

are detailed for better understand- 
ing of current literature. The effects 

of environment and mechanisms of 
ey damage are illustrated. Iron and steel, 

iM 5 alloys of aluminum, precious and rare 

— Lee metals, copper, nickel and magnesium 

1 \ ; : : are presented in their basic design re- 
es \| Y) a | \| | | I's . " lationships to fundamental properties. 
ol | \r Written by S. H. Avner, N.Y.C. Com- 
ra ts Oivinion ef . munity College, and Harold E. Bar- 

G-M LABORATORIES INC. Le) \ oa kan, Associate Editor, ELECTRICAL 


4338 N. Knox Avenue ® Chicago 41 , ae MANUFACTURING. $1.00 


Heat Flow Theory, April 1959, 20 pages. 
A concise review of the major ana- 


-—— 1.750 — 


a OS eal al 
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MINIATURE 
AGASTAT° 


time /delay/relay 


MEASURES ONLY 
xxl’ 


The Miniature Agastat time delay relay is a space-saving 
answer to aircraft, missile and computer problems. You get 
all these valuable features in one small package: 


Easily adjusted timing ranges as short as .030 seconds. 
Repeat accuracy of + 5%. 

Time delay on energizing or de-energizing. 

For DC or AC operation. 

Hermetically sealed or dust-proof housings. 


Write today for the full details on the new miniature 
Agastat. Dept. A36-1121. 


AGA ELASTIC STOP NUT CORPORATION OF AMERICA 


1027 Newark Avenue, Elizabeth, N. J. 


Gasaccumulator Co., (Canada) Ltd., 12 Gower Street, Toronto 16, Ontario 
Circle 238 on page 17 


Short Run 
Printed 


Matrix of 

Etched Buss 

Bars (Two Side 
Panel) for selec- 
tive interconnection 


For custom made development samples, pilot runs, 
OMe Csi SM ie: ee: ee 
investment in production tooling, 


Methode’'s SPECIAL CIRCUIT DEPARTMENT offers a service 
especially geared to rapid handling of these requirements. Parts 
may be purchased completely fabricated from temporary 
tooling or with circuitry only (for model shop drilling, routing 
and sawing at considerable savings). Many products can 
benefit from the uniformity, simplicity and economy of printed 
circuits. Engineering of a printed wiring panel may be 
much easier and faster than you think 


os 
, EEEE _ = 


Write for booklet of complete design information 
a fatal tea a Lalo l oll Le 
Address: Manager, Special Circuit Dept 


METHODE Mfg. Corp. 


7447 W. Wilson Ave., Chicago 31, Ill. 
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ALCO) Pilot Lights 


Pe 
ba 


with Built-in Resistor 2° 


(a patented DIALCO feature) 


and the NEW High Brightness 
Neon Glow Lamp NE-51H 


CM 


¢ Z 


Se ee eeeeee2e2e8 Gee eeeee a 


TIMES <= 
BRIGHTER = 


4 hi HAWS SS 


A New Advance in Pilot 
Light Design by DIALCO: 


Three basic advantages are in- 
corporated in this series of 

DIALCO assemblies: (1) Built-in 

resistor for direct use on 125 

to 250 volt circuits...(2) New 

plastic lens designed to give 

attractive “halo” effect... 

(3) New High Brightness Neon 

Glow Lamp NE-51H. This lamp v 
may be operated at about 3 NE-51H 
times the level of current 

that may be applied to the standard lamp, and it will pro— 
duce 8 times as much light—with long life! Very low 
power is required, less than 1 watt on 250 volt circuit. 
Recommended for AC service only. 


Catalog No. 
132-408-991H 


In the DIALCO assembly, the built-in current limiting 
(ballast) resistor (18,000 ohms) is completely insulated 
in moulded bakelite and sealed in metal (U. S. Patent No. 
2,421,321) ... Small space required—units are available 
for mounting in 9/16” or 11/16” clearance holes... A wide 
choice of optional features includes lens styles, shapes, 

and colors; terminal types; metal finishes, etc. ... Meet 
applicable MIL Spec and UL and CSA requirements. 


All Assemblies Are Available Complete with Lamp 


SAMPLES ON REQUEST—AT ONCE—NO CHARGE 


DIALIGHT CORP., 44 Stewart Ave., Brooklyn 37, N. Y. 
Send brochures 
on Pilot Lights (1) for NE-51H Neon lamp () Sub-Miniatures (1) Oil-Tight 


Company 


44 STEWART AVE., BROOKLYN 37, N. Y. @ HY 7-7600 
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One source 
for all types 
MLO 


nited 
tates 
asket 


the properties 
astics Division, Tk 
Gasket Company, ggikes 
of Chemisealag@Wlo 
different ies 
tions. 


mt applica- 


ry” y _ . 

rYPES 
General purpose nylon, High Melting 
Point, Good Machinability. 


Excellent weather-resistant nylon; Max- 
imum Stiffness. 


Nylon with low melting point, Low 
Moisture Absorption for special me- 
chanical and electrical parts. 


Nylon with high impact strength and 
resilience for parts requiring exceptional 
toughness. 


Guaranteed bubble-free. Chemiseal Nylon 
Rod greatly reduces rejects ... COsts no more 


than ordinary nylon. Available in diameters 
aw 


ig” through 3”. 


Its to your advantage to use this one 
source for all nylon rod. Find out why by 
contacting your local Garlock representa- 
live, or write 


THE GARLOCK PACKING COMPANY, Palmyra, N.Y. 
For Prompt Service, 
contact one of our 26 sales offices 


and warehouses throughout 
the U.S. and Canada. 


GARLOC HK 
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lytical techniques developed over the 
years to solve heat flow problems. 
Basic equations for conduction, con- 
vection and radiation are derived. 
Dimensional analysis is used to estab- 
lish the parameters and the various 
“numbers” (Reynolds, Prandtl, Nusselt, 
Graetz, etc.) involved in convection 
expressions. Empirical equations are 
solved using simulated experimental 
data. Examples are chosen from elec 
trical and electronic (transistor) appli 
cations. Written by Allan D. Kraus, 
an electromechanical engineer at 
Sperry Gyroscope Company. $1.00 


Fundamentals of Ferromagnetism, March 


1959, 32 pages. A new approach to 
the study of magnetism, derived from 
modern solid-state physics. Explains 
magnetic behavior and properties of 
magnetic materials in terms of fun- 
damental electron interactions. In- 
cludes: Origins of Ferromagnetism; 
Internal Structure of Ferromagnetic 
Materials; Magnetization Curves; Time 
Effects in Soft Materials; Effects of 
Atomic Ordering in Alloys; Interac- 
tions for Heterogeneous Systems; Mag- 
netic Materials of the Present and Fu- 
ture. Written by Anthony Arrott and 
J. E. Goldman of The Scientific Lab- 
oratory, Ford Motor Co. $1.00 


Using Fourier Analysis in Design, Feb 


ruary 1959, 16 pages. In system and 
subsystem design, Fourier analysis per- 
mits the design engineer to design or 
select devices for a particular transient 
performance solely on the basis of their 
steady-state sinusoidal performance. 
A thorough theoretical background on 
Fourier analysis is presented plus a 
discussion of the areas of application 
with specific examples to point up par- 
ticular problems often encountered. 
Written by Ira Ritow, Airborne Instru- 
ments Lab. $1.00 


Introduction to Semiconductor Theory, 


January 1959, 24 pages plus cover. 
A detailed discussion of conduction 
processes in semiconductors written 
for the design engineer and presented 
as a basis for understanding the phy 
sical principles of operation of semi 
conductor components. Theory of so- 
lids is presented, followed by a dis- 
cussion of the qualitative aspects of 
semiconductors. P-N junction and 
metal-semiconductor contact theory 
is described and the effects of voltage, 
temperature, and other external in- 
fluences are analyzed. Transistor theo- 
ry is then presented. Written by Ruth 
F. Schwartz, Research Division., Phil- 
co Corp. $1.00 


COMPENDIUMS 


Engineering Applications of Boolean Al- 


gebra, 68 pages. A design guide to the 
analysis and synthesis of switching 
circuits and logic systems—both com- 
binational and sequential—in any me- 
dium: mechanical, electrical, hydrau- 
lic, electronic or solid state. Includes 
five previously published articles plus 
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J. F. HARPER, OF HARPER 
BUFFING MACHINE COMPANY, SAYS... 


me aU PLLC) OR] 
SY CNTY LULU ya 


*GENERAL ELECTRIC ECONO-MATCHING is the 
quick and accurate matching of Tri-Clad ‘55’ a-c 
motors to machines by skilled G-E engineers. 
ECONO-MATCHING recently helped increase 
equipment efficiency and reduce unit costs at 
Harper Buffing Machine Company, East Hampton, 
Connecticut. 


After selecting a drive-to power his new ‘“‘Harper- 
izert’’ free-grain buffing machine, J. F. Harper 


(above center) called his G-E Distributor, who in . 


turn arranged for a team of General Electric Econo- 
matching engineers to study its drive requirements 


tTrademark of Harper Buffing Machine Co. 


at no cost to Mr. Harper! 


““G-E ENGINEERS STUDIED OUR APPLICATION,” 
said Mr. Harper, ‘‘and advised that we could get 
maximum efficiency and economy by replacing the 
drive we had selected with a Tri-Clad ‘55’ 50-hp 
open drip-proof motor. We did, and realized an 
immediate savings of over $1300 per unit!”’ 


MORE THAN THREE BILLION integral-hp a-c motor 
types are available to the G-E engineers who can 
select the drive to meet your needs. Let them 
help you get the most from your equipment 
investment! 


GENERAL ($6) ELECTRIC 


Section D891-22A 
General Electric Company 
Schenectady, New York 


RETURN THIS COUPON... 


for more Econo-matching details, or call 
; Please furnish more information on how you can ECONO-MATCH a motor for my 
your nearby General Electric Apparatus 


Sales Office for complete information on application, which is 
how G.E. can ECONO-MATCH a motor to NAME TITLE 


meet your specific requirements. COMPANY 
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JUST THE 
PLIER FOR 


ELECTRONIC 


No. 208-6PC Long Nose 
Shear Cutting Plier 


Patent No. 2,848,724 J - 


u 


Here is a recently developed 
plier specially designed for 
electronic use. It will fit into 
confined space and the steel 
jaws hold clipped end of 
sheared wire firmly . . . noth- 
ing to wear out. 

The shear blade is at an 
angle of 15 degrees (the 
standard angle emer di- 
agonal pliers). Shear principle 
assures smooth, continuous 
action without snap, prevent- 
ing shock which might dam- 
age transistors and other deli- 
cate components. For use with 
bare wire up to 18 gauge. 

See your electronic supply 
house or write for catalog. 


Shear principle 
requires less Pin keeps jaws 
pressure. aligned. 


Pointed nose 
reaches confined 
space. clipped end tight. 


Steel jaws hold 


Designed to form Coil spring keeps 


loop at wire end. jaws open. 


WRITE FOR CATALOG 101-A 
Klein Catalog 101-A, describing the 
208-6PC and many other Klein Pliers, 
will be sent on request. Write for a copy. 


Foreign Distributor: International Standard Electric Corp., New York 


es 


Pe eee ee DU) 
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a uever-before-published appendix 
Written by Boris Beizer, Airborne In 
struments Laboratory, and Stephen W. 
Leibholz, Republic Aviation Corpora- 
tion. $2.00 


Five-Year Annotated Editorial Index to 


Electrical Manufacturing, 60 pages. A 
short-cut to research for design en- 
gineers. Book lists, by functional sub- 
ject classification and with succinct 
annotations, every feature article and 
major “Design Trends” short article 
published in ELectrricaL MANUFAC- 
TURING during the 5-year period from 
1951-1955. $1.50 


Slide Rule Mathematics, 20 pages, plus 


4 practice slide rules printed separate- 
ly. A practical guide to the under- 
standing of the slide rule and its ap- 
plication to engineering problems, this 
combined reprint traces the logical de- 
velopment of the slide rule’s funda- 
mentals and complete concise instruc- 
tions for its use. Major topics include: 
The Basic Slide Rule; Variations on 
Basic C-D Operation; Trigonometry; 
The Log-Log Scales; Vector Dia- 
grams; Hyperbolic Functions; Phasor 
Calculations; The Circular Slide Rule. 
Written by Ira Ritow, whose previous- 
ly published work in ELrcrTricaL 
MANUFACTURING includes “Capsule 
Calculus.” $1.00 


Casting Resins and Application Tech- 


niques, 52 pages. Eight previously 
published articles dealing with the 
embedment, encapsulation, and im- 
pregnation of circuit units and 
components. Individual articles cover: 
property data on casting resins; eval- 
uation tests on resin systems; results of 
environmental tests on embedded 
units; process control problems. An- 
notated bibliography of articles is in- 
cluded. $2.00 


You will find a handy Order Form 


for the above reprints on page 242. 


Postcard return forms are provided 
on page 17 as a convenience to the 


reader in obtaining 


New Components and Materials 
Additional data from the sup- 


plier of any item reviewed. 


Literature for the Design 
Engineer 
A copy of any manufacturer's 


publication reviewed. 


Feature Article Reprints 
Single copies of selected feature 


articles. 


Advertised Products 
More information on any prod 


uct or service described. 


ELECTRICAL MANUFACTURING 





NOVEMBER 195° 


1/250 to 1/10 HP. Open, Fan-Cooled, Enclosed 


SHADED POLE MOTORS 


Also Gear Motors and S/P Blowers 


Proven Dependability at Lowest Cost 


Fast Delivery from Nearby Stocks 
When you need Shaded Pole Motors for any purpose— 
use Grainger’s Supply Service. We stock newest design, 
precision-built Dayton Motors, 1/250 to 1/10 HP in open, 
fan-cooled, totally enclosed types—stud or rubber 
mounted. Single-speed, two-speed, reversible. 2-pole, 4- 
pole, 6-pole. Also Shaded Pole Gear Motors and Blowers. 
O.E.M.'s write for Bulletins 207, 304 and 705. 


Write for Net-Price Wholesale Motor Catalog. 


63 WAREHOUSES—COAST-TO-COAST 


WW UOJRAINGER.INC. 


Dept. 74. 118 S$. Oakley Blvd., Chicago 12 
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BY POPULAR DEMAND! 
8 CU. FT. VOLUME 


..- AT LOW COST 


CTABIL-THERM © 


BATCH TYPE 
OVENS with 


re HORIZONTAL 
arge Volume Capacity, 

Reliable mechanical C.. AIRFLOW 
convection batch ovens for } 

production and tests ee 


associated with electronic il 
paint, steel, rubber 
aircraft, chemical and other 
industries. Elimination of 
alloy interiors and wattage 
proportioning reduced our 
cost and yours. However, 
care has been exercised to 
provide an adequate design 
suitable for reproducing 
good uniformity and control 
action. Utilizing horizontal 
airflow, quality motor/ 
blower, ETERNA heater 
banks on a relatively 
uncomplicated control 
system, we offer a good 
unit at reasonable cost. 


TEMPERATURE —— — 
Model Watts Voltage Complete 
RANGES Number Max. | 60 cy. A.C. Price 


100 'F. to 300 y OV-586 1ISV/1 Ph. | $488.00 

OV-587 1750 |30V/1 Ph. 498.00 

100 °F. to 500°F.&)| ov-sss 230V/1 Ph. 575.00 

ety ov-sa8a | 4 | 330v73 mt 598.00 

® 1 ™ = —— — 
P| All Models: 24" x 25" x 24" (1.D.) 


| =) aE |= | aL CT TU seo ee 


MANUFACTURERS AND DESIGNERS 
COMPLETE TEMPERATURE CONTROL EQUIPMENT 
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GREATER 
SAVINGS 
FOR YOU! 


Purchase of another building and in- 
stallation of the newest and finest 
contact manufacturing equipment 
means that Deringer can continue to 
give you the highest quality in even 
greater volume and, of course, com- 
petitively priced. 


Especially important are expanded 
facilities for producing welded contact 
assemblies, balls, various unusual 
shapes and silver cadmium oxide 
contacts. 


QUALITY, DELIVERY and PRICE 


Now standard and special contacts 
can be made to very close tolerances 
and at speeds which make even faster 
delivery possible and at lower cost too! 


FOR GENERAL 
INFORMATION: 
Write for these 
contact catalogs. 


Sania 4 OSM Noam 
teal 


FOR SPECIFIC INFORMATION: 


Submit complete specifications of your 
part, tolerances, material, application. 


METALLURGICAL CORPORATION 


8119 MONTICELLO AVE., SKOKIE. ILL. 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 
bers listed at the end of items on the Reader 
Inquiry Service postcards, pages |7 and 19. 


Literature 
for the 


Design Engineer 


{/l-new listings of manufacturer's literature just off the press 


} ! 
ne luding 


calla ~ manuals and other reference pul 


lications relat- 


ing to components and materials for designed-in use in electrically 


energized end products. 


POWER SUPPLY FOR TRANSISTORS 
{ ply Revies 


> 
| wet supplies 
ie hieh-current (over | 


imp) units. Perkin Engineering Cor 
poration >632 


TRANSISTOR POWER STAGES 
cation Notes” 


fain i design 


“Appl 
of S ptember 1959 con 
inalysis of solid-state 
vif power ose laters and amplifiers m 
four pages. Typical example of 200-m« 
network design included. Also includes 
information on an input-matching se 
tion, oscillator design and avoidance of 
oscillation in tuned amplifiers. Texas 
Instruments, Inc.. Semiconductor Con 


ponents Dis >633 


RESISTOR NETWORKS — Five-page art 


cle contains sections on general desien 


considerations (including mathematical 


treatment), selection of — tolerance 


matching of temperature coefficients 
and stability in precision resistor net 
works. First paragraph describes manu 
Pyrofilm 


>634 


facturer's PyroSeal networks 


Resistor Co 


TANTALUM CAPACITOR CATALOG 

The 16-page Catalog 9-169 contains in 
formation on fifteen types of solid. foil 
and sintered-anode tantalum capacitors 
range from high-temperature 


for OO ¢ opera 


Types 
tantalum capacitor 
tion to subminiature ipacitors less 
than '4 in. long. Catalog features table 


containing over 600 listings arranged 


250 


| 


= 
) 
nds from 0.25 to 


Capacitor Co 


HIGH-SPEFD SWITCHING TRANS!S 
TORS. -Bulletins E29 K3416, 349 
ind E354 contain specificatic of a 
line of n-p-n tra i-speed 
switching and h v amplifi 
tion Included 

suited for locic-« 

other switching I ition 
junetion € sto ! 
flat il! 
low saturation ist The 


IETEC TO-9 kaw Alpha-cutofl 


frequencies range from 1 to 17 m« 


high current 


ind dis pations trom 0 to 150 mw 
type IN 306 
IN312. 2N356. 2N357 358. 2N444 
through 2N447, 2N556. 2N558. 2N1000 
nd 2N1012. CBS Electronics, Informa 
tion Services > 636 


max Transistor 


ALUMINUM TUBE \ 8-page boo 
Aluminum Tube” con 


tains information on selection of prope 


entitled “Revere 
tube allovs lempet designations lor 
and resistance of al 
Deta Is 


given about seamless drawn aluminun 


tluminum= tube 


lovs to various chemicals 


tube, aluminum extruded tube and pips 
welded aluminum tube. lockseam and 
I ibles it ln 

tvpical properties nd propert limits 


butted aluminum tubes 


of aluminum tub tandard tolerance 
for all types tube and pipe, and 
weights per foot of aluminum tubes 


m variou illovs. Revere Copper ind 


Brass Ine > 637 


MOTOR AND’ TRANSMISSION’ HP 
NOMOGRAM Dual nomogram for 
ind rpm, applicabl 


horsey mwer, lorque 
motors and 


: : | 
transmissions gives two scales each 


to fractional horsepower 


for torque and for horsepower. Data 
sheet includes rpm_ s« ale from 0.5 to 
500 rpm: torques to 300 Ib-in. on one 
scale and 600 Ib-ft on the other; and 
horsepower scales for corresponding 
product values of torque and rpm. 


Merkle-Korff Gear Co. > 638 


PHENOLICS INFORMATION—*“Facts on 
Phenolics.” a 16-page 
let. lists 
phenolic and three dially] 


relterence book 
>» 


properties ol 2 
phthalate 


physical 


molding compounds. Booklet assists in 
comparing several phe oli 

phthalate molding compounds in ea ly 
of the group cla ifications as generally 
designated by manufacturers. Photo 
graphs — illustrate typica products 
molded from materials 

Products meeting individual military 
sper ications are so noted Dure / 


tics Div., Hooker Chemical Corp 


SILICON RECTIFIERS 
letin IN440B-1N445B co 


tion on diffused-junction rectifiers 


tains into 
use in magnetic amplifiers and other 
industrial applications. The six recti 
fiers (IN440-B through IN445-B) have 
piv ratings ol LOO. POO. 300. 400. 500 
ind 600 volts max. respectively. | 
ward current (50 C ambient 

from 750 to 650 ma d-c: reverse cut 
rent ranges from 0.3 to 2.0 wamp max 
Semiconductor and Materials Diy 
Radio ¢ orp of (merica. >640 


LOOSELY SWAGED PRINTED-CIRCUIT 
TERMINAL 
terminal, described) on 2-page Data 


lifting of con 


“Floating” printed-circuit 


Sheet US459-6 prevents 
ductor lines dun vy the swaging oper 
tion. Terminal is available in a variety 
of sizes ind) terminal 


Litton Industries. USECO Div. 64) 


onfieurations 


ELECTROMAGNETIC CLUTCHES 
formation on x series of clutches 
torque capacities from 1.8 throu 
000 Ib-ft is furnished in 20-page 

tin 6304-1B Klectrom etic elute 
provide pushbutton oO! iutomath 
vramming control of shaft-driven 
chinery in applications such as bori 
mills, milling machines. lathes, print 
ing and packaging machinery. and test 
equipment. Bulletin provides informa 
ipplica 
tio nd operating « haracteristics, | | | 


Circuit Breaker Co > 642 


tion on selection for a specifi 


HIGH-FREQUENCY VTVM— Four-pa 
bulletin describes Model 1600 portable 
high-frequency vacuum-tube voltmete: 
which measures a voltages trom 
eps to 700 me | db (usable to 3000 


») 





The Ultimate Test 


The ultimate test of quality in stainless steel bars 
takes place in screw machine production, 
where every bar is literally cut to pieces. 


The Perry-Fay Company, Elyria, Ohio, a leader in 

screw machine production, has been subjecting 

J&L bars to this demanding production-line test for 
more than a year, without a single failure, without 

a single reject. Perry-Fay reports: “We consistently get 
superior surface finish, closer tolerances, fully formed 
rolled threads with J&L stainless bars.” 


Whether you need stainless steel bar stock for 
high-speed, high-production operations, or a 

single bar for extraordinary requirements, turn to J&L. 
J&L leads the industry in melt shop standards for 
stainless steel, the point where quality starts—and 
new production profits begin. 


For more information, turn to Reader Service card, circle No. 465 


Wh Plants and Service Centers: STAI ke LE S& 


Los Angeles * Kenilworth (N. J.) * Youngstown «+ Louisville (Ohio) + Indianapolis + Detroit SHEET + STRIP + BAR + WIRE 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION «+ Box 4606, Detroit 34 
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A complete 


ESSEX°® line of 


APPLIANCE WIRE 
AND CABLE 


Samples . Approved by CSA — Bears UL Label 


SOLVES ALL YOUR 
W/RE AND CABLE 
NEEDS QUICKLY, LEAD WIRES 


ECONOMICALLY...AND Thermoplastic, Rubber 
Neoprene and Silicone 


ON SPECIAL PROBLEMS (Sil-X) 
CALL YOUR LOCAL INTERNAL REFRIGERATION, 


ESSEX OFFICE FOR HELP ROOM COOLER AND AIR 


BEST TYPE AND SIZE POSER SUPVEy CORES SUBMERSIBLE CABLE 


FOR YOUR APPLICATION FLEXIBLE CORDS AUTOMOTIVE CABLE 
HEATER WIRE WELDING CABLE 


Consu/t your local Essex office or write for samples and complete information. 


ESSEX WIRE CORPORATION 


Wire and Cable Division 


a Tell en 8 FORT WAYNE, INDIANA 
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mc). A-C probe input capacity, ap- 
prox 1.5 wuf at 1000 cps. Six a-c ranges 
from 0.05 to 300 volts. Seven d-c ranges 
from 0.02 to 1000 volts. Hickok Elec- 
trical Instrument Co. ->643 


STUD-WELDING APPLICATIONS —-. 
Twelve-page booklet contains brief de- 
scriptions of typical stud-welding fast- 
ener applications. Nelson Stud Welding 
Div., Gregory Industries, Inc. 644 


SPINDLE CATALOG—Catalog of 14 
pages describes high-frequency spindles, 
motorized spindles and_ built-to-order 
induction motors. Contains detailed de- 
scriptions, application data, product 
diagrams and _ specification charts. 
Bryant Chucking Grinder Co. ~—>645 


REDUCED-VOLTAGE MOTOR STARTERS 
—Eight-page Bulletin GEA-6860 con- 
tains starter selection table and a com- 
parison table for determining which 
starter best suits desired reduced-volt- 
age application. Information included 
on manual autotransformer, magnetic 
autotransformer, primary resistor and 
part-winding starters. Typical schematic 
connection diagrams also included for 
each. General Electric Co. >646 


MINIATURE CIRCUIT BREAKER—Two- 
page pamphlet describes low-current 
manual motor protectors which can be 
either built into the motor or used for 
remote protection. Protectors are trip- 
free and calibrated in steps of 100 ma. 
Standard ratings range from 0.05 to 
25 amp. E-T-A Products Co. of Amer- 
ica. >647 


METER-RELAY BULLETIN—Continuous- 
reading meter-relay which indicates 
signal level even while control circuits 
are energized is described in 4-page 
Bulletin S-2. Bulletin shows successive 
circuit stages involved in operation of 
Model CRMR relay. Instantaneous-reset 
feature is described. Assembly Products, 


Inc. >648 


VOLTAGE STANDARDS — Four-page 
catalog describes four types of Series 
140 RB “Refvolt” voltage standards. 
Output stability for most types better 
than 0.1 per cent for input or load 
variations of 20 per cent. Standards 
use silicon junction diodes operating 
in Zener region to obtain stability. 
Units available for d-c inputs in 18- 
to 30-volt range and for 60 and 400 
cps from 90 to 130 volts. Nominal out- 
put, 1 ma at 6.2 volts d-c for all except 
one model, which delivers 10 ma at 
6.5 volts d-c. Consolidated Controls 
Corp. ->649 


A-C POTENTIOMETER—Design details 
and performance characteristics of 
Model 3B precision a-c potentiometer 
are described in a 2-page data sheet. 


NOVEMBER 1989 


Potentiometer features an output im- 
pedance of 40 ohms and terminal lin- 
earity of +0.1 per cent. Output quadra- 
ture, 0.05 mv/volt max at 400 cps. 
Resolution, 0.003 per cent. Input im- 
pedance, 50 k ohms at 400 cps. 
Vernistat Div., Perkin-Elmer Corpora- 
tion. ->650 


STRAIN-GAGE POWER SUPPLY—Four- 
page Brochure 201 describes specifi- 
cations, operational characteristics and 
design features of a line of strain-gage 
supplies. The instruments provide 1 or 
3 amps at 5, 10 or 15 volts output, with 
0.1 per cent stability and operation 
from —55 to +85 deg C. Input, 117 
volts, 400 cps. Graphs illustrate load 
regulation, temperature stability, and 
line regulation. Neff Instrument Cor- 
poration. > 651 


DEMOUNTABLE VACUUM SYSTEM — 
Laboratory Model 702EY vacuum sys- 
tem is described in four-page Form 
TPM-1509. System is intended for test- 
ing devices and materials at low pres- 
sures. Pressure of 5 & 10-§ mm Hg can 
be obtained in 9 x 9 x 1014 in. chamber 
in two minutes. Ten minutes required to 
obtain the final pressure of 5 & 1077 
mm Hg. Pressures are low enough to 
allow operation of electron emitters for 
prolonged periods of time without de- 
terioration. System used for develop- 
ment of magnetrons and receiving 
tubes. Radio Corp. of America, Tube 
Parts and Machinery Div. >652 


COMMUTATOR LATHE — Small lathe 
will accept commutators of motors up 
to 1 hp. Required floor space is 32 X 
32 in. Motor drive is 4% hp. Operating 
cycle is from 5 to 20 sec, including 
loading and unloading. Driven by flat 
belt over top of armature core. New 


York Diamond Tool Co., Inc. > 653 


PULSE GENERATORS, COUNTERS—Gen- 
eral catalog on digital computing, data 
handling and automatic machine control 
equipment contains 48 indexed pages. 
Contents are: pulse generators, elec- 


tronic counters, block units and mod- 
ules. Electro-Pulse, Inc. >654 


SOLID-STATE POWER SUPPLIES—Speci- 
fication sheet concerns regulated sup- 
plies with variable output of 0 to 50 
volts d-c. Type HP503R supplies up 
to 3 amp while HP504R is a 4-amp 
supply. Line and load regulation is 
+40 mv. Ripple, less than 2 mv rms. 
Deltron, Inc. > 655 


ANALOG COMPUTER PUBLICATION— 
Tech Notes, Issue I, a 4-page publica- 
tion on analog computer techniques 
and applications, deals with the sub- 
ject, “How to Simulate a Non-Linear 
Control] System with an Analog Com- 
puter.” Diagrams of a typical control 





Consult 
Your Local 
Essex Product 
Application 


Engineers 


They can be your 
design assistants on other 
Essex Engineered Products. 


COILED CORDS - CORD SETS 


Prime source for plastic and rubber power 
supply cords. Terminations of all types (molded 
plastic and rubber) with infinite design possibil- 
ties. Complete line of Coiled Cords 
including HPN. 


Write for Coiled Cords Literature 
Cords Limited Division, DeKalb, Ill. ® 


A low cost, space saving single pole or common 
multiple contact D.C. unit. Highly reliable. Can 
be built to withstand extreme. environ- 
mental conditions. 


Write for Bulletin MS-3 
R-B-M Control Div., Logansport, ind. A 


| 


j 


sumed 


WIRE AND CABLE 


A complete line of appliance wiring material, 
radio, television and electronic hook-up wire, 
200° C high temperature Sil-X wire, automotive 
wires and cables, and flexible cords. 


Wire and Cable Div., Ft. Wayne, ind. LOY a 


ak 


te eed 


CORPORATION 


| 


' 





REVCOR 


we can keep 
you informed 
of the latest 


developments 


"AIR 


IMPELLERS 


BLOWER WHEELS 


Single and double In- 
let. Diameters from 
3-27/32" to 45°". 
Widths 1” to 15”. 
Housings and Inlet 


Rings also available. 


FAN BLADES 


8 types for ail 
applications. Di- 
ameters from 6” 
through 48”. 


ee 8 


Jat tela a eid 
ing the complete 
tae) ae 


REVCOR 1c. 


257 EDWARDS STREET 
ery 03. b63 5) 4106 oem 
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system and plots showing response of 
the system at various points with dif- 
ferent parameters are included, Donne: 
Scientific Co > 656 


MYCALEX NEWS — Volume 1, No. 1 con 
tains the first of a four-part series on 
the origin of synthetic mica. Among 
other items in eight-page issue are two 
on ceramoplastics for 500 C and 1500 F 
applications. Preliminary development 
of a recrystallized synthetic mica sheet 
with electric strength of 900 to 1300 
vpm is briefly mentioned. Mycalex 


Corp. of America >657 


LINEAR ACTUATORS—Product Data 
Supplements 102-1, 102-3 and 102-1 are 
three sheets with tables and = curves 
describing linear actuators for normal 
operating loads from 10 to 3200 Ibs 
opposing. Various actuator elements 
may be combined or modified to meet 
specific requirements. Lear Electro- 


mechanical Div. > 658 


ISOLATED POWER SUPPLY-——Brochure 
on Model 21 power supply describes 
a unit which is isolated from line volt 
age and line ground. Output is 0 to 20 
volts d-c at 1 amp. Total capacitance 
of output to either line voltage. ground 
or chassis is under 2.5 ppt. Leakage 
resistance of portable unit, 50. kilo 
megohms. Moeller Instrument Co. 659 


DIFFERENTIAL D-C AMPLIFIER—Data 
Sheet C-189 describes Model 361, com- 
pletely solid-state, true-differential in- 
strumentation amplifier with a_ solid- 
state chopper. Noise from all sources 
is less than 10 microvolts at 200 ke 
bandwidth. Input impedance, up_ to 
100 megohms: common mode rejection, 
120 db; gain, fixed or adjustable, 10 to 
1000. Amplifier is designed to work 
with strain gages, thermocouples and 
other low-signal-level devices. Packard 


Bell Computer Corp > 660 


WIRE-MARKER LITERATURE Four- 
page bro hure EZ } l covers a line ot 
self-adhering markers for all size wire, 
able and harness identification. In- 
cluded are descriptions of stock and 
special markers for high-temperature 
applications; markers which are resist- 
ant to water, oils, solvents and fungus; 
and markers meeting military specifica- 
tions. Information includes line of pre- 
printed insulation sleeving and tubing 
made of standard and special materials. 
Westline Products Div., Western Litho- 
graph Co. >661 


DIGITAL PRINTERS—An 8-page pam- 
phlet on solenoid-actuated digital print- 
ers pertains to both high-speed-serial 
and parallel-entry printers. Illustrated 
booklet discusses applications, features 
and specifications. Victor Adding 


Machine Co. > 662 


PULSE-HEICHT ANALYZER — Bulletin 
3021-9 on a 100-channel pulse-height 
analyzer with 20-channel storage illus- 
trates the equipment, gives a_ block 
schematic diagram and describes vari- 
ous applications such as fallout and 
background studies. Specification data 
and performance figures also given in 
four-page brochure. Victoreen  Instru 


ment Co. > 663 


SUBMINIATURE INDICATOR LIGHTS 

Brochure L-162 describes two-terminal 
subminiature lights designed to mount 
from front of panel in a '%%p-in. clear- 
ance hole. Neon, incandescent, water- 
tight and edge-lighting assemblies are 
discussed. Complete lamp data, illustra- 
tions. features and specifications, and 
schematics are presented in 4-page 
booklet. Dialight Corp. > 564 


VARIABLE-SPEED DRIVE 
booklet offers information on a line of 


Four-page 


drive units consisting of three main 
components: power assembly which con- 
verts a-c input into d-c output, d-c drive 
motor which powers the equipment, and 
control panel for selection of motor 
speeds and other motor functions. 
“Automator” drive-unit installations 
range from fractional hp drives with 
100:1 speed ranges to high-speed instal- 
lations of several hundred hp. Mara- 
thon Electric Mfg. Corp > 665 


SOLID-STATE FREQUENCY CONVERTER 

Bulletin PS-6001 describes a_ fre- 
quency converter lor operations where 
conversion of 60-cps to 400-cps power 
is required. Solid-state unit on single- 
page data sheet provides output power 
of 125 to 250 watts at ambients of —29 
to + 71 C. Output voltage is 127 volts 
square wave 7 per cent, with input 
of 120 volts. Power Sources, Ine. > 666 


SHOCK AND VIBRATION MOUNT 

Bulletin 137 of four pages describes 
Model W-583 all-metal mounting system 
for rack-type enclosures containing 
electronic equipment Resilient — ele- 
ments in the mount are cushions of 
stainless-steel wire. Robinson Techni- 


cal Products Ine. > 667 


ASBESTOS - INSULATED WIRE AND 
CABLE—Three-by-six in. folder of eight 
pages describes NEMA standard wires 
and cables. Description of each type 
includes materials used, voltage rating, 
operating temperature, applications and 
colors available. Western Insulated 
Wire Co, > 658 


ADJUSTABLE-SPEED DRIVES — Twelve- 
page, two-color Booklet D2507 gives 
performance and application data on 
the line of all-electric, adjustable-speed 
drives. Covering typical applications em- 
ploying drives from Y¥ through 4 hp, 
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CORE TAPE OF 2 MIL 'MYLAR" ——> 


LAYER TAPE OF 1 MIL “MYLAR" 


CONDUCTORS 


Kerite reports: “Tough tapes of MYLAR*® 
help keep costs down, improve cable design” 


combination of properties of Du Pont 
*‘Mylar’’: 
e High dielectric strength, average of 


“We have to use highest-quality ma- 
terials to maintain the performance peo- 
ple expect from Kerite cables. Tapes of 
‘Mylar’* polyester film help us insure 
top performance. What’s more, ‘Mylar’ 
actually costs us less per foot of cable 
than other tape materials, because it is 
so tough we can use it in thinner gauges. 
This helps us offset rising costs in many 
other cable materials. 


‘**Mylar’ helps by improving pro- 
duction efficiency, too. Its high tensile 
strength drastically cuts machine down- 
time due to tape breaks. And our cus 
tomers benefit from improved perform- 


Consider the advantages 


~, 


HERMETIC MOTORS 35°F. 
higher operating temperature 


NOVEMBER 1959 


CAPACITORS — Superior mois- 
ture resistance and longer life. 


ance ...‘Mylar’ makes cable cleaner 
and easier to strip, provides greater crush 
resistance, assures longer life.’’ 

The control cable shown is only one of 
a variety of cables made with ‘‘Mylar’’ 
at the Kerite Company. Kerite, Amer- 
ica’s oldest cable producer, was a pio- 
neer in the cable field and is still pio- 
neering new concepts in cable design and 
construction, 

Manufacturers of all types of electri 
cal products are replacing convention 
al materials with thin, tough ‘“‘Mylar’’. 
You, 


cut costs by capitalizing on the unique 


too, can improve performance, 


of “Mylar" tor these applications 


TRANSFORMERS 


Circle 250 on page 17 


Reduced 


size without loss of rating 


4,000 volts per mil**, average 
factor of 0.003 at 60 cycles. 
e Thermal stability from -80° to 300°F. 
e Chemical, moisture resistance. 


power 


e Resistance to abrasion, aging, tearing, 
rotting. 
In addition, when figured on an area 
basis, “‘Mylar’’ will often cost you less 
than your present material. For the full 
facts on “‘Mylar’’, write for free booklet. 
E, 1.du Pont de Nemours & Co, (Inc.), 
Film Department, Wilmington 98, Del. 
** Mylar’ is Du Pont’s trademark for its brand of 
polyester film, 


**Per ASTM D-149 


10 Gs ie & Mat O88 


DU PONT 


MYLAR 


POLYESTER FILM 





exceptionally 
close limits... 


The photograph shows the connecting rod of an unusual hydraulic 
pump built by a company whose name is known everywhere. 


The finish in the bore of both the large hole and the small hole must 
be held to very fine profilometer reading. 


In addition, the axes of these two holes must be parallel to each other 
within exceptionally close limits. Naturally, the user of a cast bronze 
part such as this turns to Bunting in order to assure strictest ad- 
herence to his print and specifications. 


For the unusual, as well as the usual, in bearings, bushings, bars, or 
special parts of cast bronze, sintered bronze, or Alcoa aluminum, try 
Bunting first. 


BUNTING SALES ENGINEERS in the field and a fully staffed Product 
Engineering Department are at your command without cost or obligation 
for research or aiding in specification of bearings or parts made of cast 
bronze or sintered metals for special or unusual applications. 


Pu» >. = . ceil 
.. BROW Goer you. COpy Sy) soe 


Bunting's “Engineering Handbook on Powder 
Metallurgy” and Catalog No. 58 listing 2227 sizes of 
completely finished cast bronze and sintered 

oil-filled bronze bearings available from stock. 


Bunting. 


The Bunting Brass and Bronze Company 
Toledo 1, Ohio—EVergreen 2-3451 
Branches in Principal Cities 


BEARINGS, BUSHINGS, BARS AND SPECIAL PARTS OF CAST 
BRONZE OR SINTERED METALS . ALCOA® ALUMINUM BARS 
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the booklet is illustrated and includes 
condensed specifications, dimensions 
and gearmotor selection table. Reliance 
Electric and Engineering Co. ~—>669 


MERCURY BULB ELEMENTS — Product 
Bulletin 851 on mercury bulb elements 
describes hermetically sealed device 
used in electric, pneumatic and mech- 
anical gas valves. Bulletin describes 
principles and assembly and contains 
a table of different types of bulb ele- 
ments and temperature ranges; also in- 
formation on plungers and their inter- 
changeability. Partlow Corp. 670 


VACUUM-PRESSURE LEAK DETECTOR 
—Four-page Brochure 1830 describes 
Type 24-210A leak detector, which is 
suitable for testing of both vacuum and 
pressure systems. Applications, speci- 
fications, and operation of this portable, 
mass - spectrometer - type leak detector 
are described with the help of a flow 
diagram, photographs and descriptions 
of accessories. Consolidated Electrody- 
namics Corp. > 671 


POLYESTER RESIN—Two bulletins des- 
cribe the properties, applications and 
room-temperature curing system for 
Atlac 382, a polyester resin with certain 
end-use characteristics approaching 
those of epoxies. The 12-page “proper- 
ties and use” bulletin contains instruc- 
tions on using resin and includes in- 
formation on curing at elevated temper- 
ature. Also included are tables on 
chemical resistance, gel and reactivity 
times at various bath temperatures, 
properties of glass-mat and glass-cloth 
laminates, and viscosity graphs. An 11- 
page technical bulletin provides prac- 
tical information on using the room- 
temperature curing system for Atlac 
382. Bulletin contains list of typical 
concentrations for specific gel times and 
graphs dealing with viscosities and gel 
times. Atlas Powder Co. > 672 


SUMP-PUMP MOTORS—Motors in rat- 
ings of 1%, 34 and 1 hp, capacitor- 
start, induction-run types for sump 
pumps are described in fact sheet. 
Motors are sealed in bronze case serv- 
ing as float for on-off operation of self- 
contained switch. Franklin Electric 
Co., Inc. > 673 


EPOXY-RESIN BROCHURE— Methods of 
encapsulating electric motors with 
“Scotchcast” epoxy resins are explain- 
ed in a four-page brochure. Types of 
resins, materials and methods of ap- 
plication are outlined and two processes 


are pictured. Insulation and Wires, In- 
corporated. ->674 


DIFFERENTIAL TRANSFORMER IN 
DESIGN — An eight-page bulletin of 


condensed semi-technical notes on basic 
(Continued on page 259) 
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aI MICRO SWITCH 


LL Tad Lat 


Operator- ES 
indicator Mounting © 
Module Barrier 


Just 25 of the hundreds of switch and indicator combinations 


Build your own lighted pushbutton switches 
and indicators with Series 2 modules 


Modular concept allows wide choice 
of combinations. Parts snap together : , 
and into panels without tools. No tools are needed to put together Series 2 modular assemblies that 


provide a choice of hundreds of different control and display functions. 


From our Catalog 67, you select modules from 48 different operator- 
indicator units, 12 indicators, 18 switch units, 16 mounting barriers 
differing in size and color, 40 color display screens, and 4 filters. 


Up to 4 lamps in each Series 2 indicator module provide improved 
signal reliability, and choice of transmitted or projected signal color. 


Catalog 67 describes Series 2 devices and switching units in detail... 
contains helpful information and application data for human factors 
engineers and for electrical engineers. Catalog 67 and application assist- 
ance are available on request from the MICRO SWITCH branch office near 
you. Or write for your copy. 


MICRO SWITCH... FREEPORT, ILLINOIS 


A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


Four Series 2 mounting types permit Li Hone: . well 


mounting singly or in columns or eh 5 
MICRO SWITCH Precision Switches 


rows, provide panel design freedom. 





MICRO SWITCH Precision Switches 


Pushbutton switches with built-in “One-Shot” circuit 
generate one square pulse per operation 


These MICRO SWITCH snap-action pushbutton assemblies incorporate 
a special circuit which produces a single square wave pulse, regardless 
of the speed of operation. 


Advantages are: pulse widths from 0.1 to 10.0 microseconds ¢ out- 
put voltages up to 180 volts * can drive loads as low as 5 ohms 
* no constant power drain * produce positive or negative pulse, as 
required * potted circuit for physical and environmental protec- 
tion * operate at temperatures from —65° to +185° F. 


By providing a pre-engineered, compact package, ““One-Shot”’ switches 
help speed up equipment design by eliminating the need for time- 
consuming custom circuit development to accomplish a shaped wave 
output. Typical output curves are illustrated below: 


é Three of the many available ‘‘One-Shot"’ switch assemblies 


The ‘“‘One-Shot”’ switch can be supplied as an integral unit with 
any MICRO SWITCH pushbutton device. Applications include 
computer and radar consoles, keyboards, electronic test equip- 
ment, checking ring counters, setting and resetting flip-flops, 
and reflected pulse systems. Ask for data sheet 150. 


Engineering assistance on switch application is available from 
the MICRO SWITCH branch office near you. Consult the 
Yellow Pages. 


MICRO SWITCH... FREEPORT, ILLINOIS 


A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


bi Honeywell 


MICRO SWITCH Precision Switches 





design of control systems using linear 
differential transformers as a-c trans- 
ducers with a-c or d-c outputs is avail- 
able. Topics covered include simple 
circuits, mountings, shielding, etc. 
Specification sheet is included. Mina- 
tron Corp. >675 


DIGITAL VOLTMETER CATALOG — A 
20-page, two-color bulletin on Series 30 
digital voltmeters for measurement of 
a-c and d-c voltages and voltage ratios 
has been produced. Booklet on four- 
digit NLS V34 and five-digit NLS V35 
includes two-page explanation of the 
instruments’ “no-needless-nines” logic, 
a review of major features with illus- 
trations, specifications, operating in- 
formation, a three-page picture section 
on input and output accessories, con- 
versions for a-c measurements and wir- 
ing diagrams for connections to volt- 
meters. Non-Linear Systems, Inc. ->676 


GLASS THERMOSTATS AND REGULA- 
TORS—TIllustrated Bulletin T5, two 
pages, describes mercury-in-glass fixed- 
contact thermostats, adjustable tem- 
perature regulators and magnetic re- 
lays. Bulletin lists several models of 
factory-set, straight or angle form fixed- 
contact thermostats for controlling 
temperatures from -35 to + 300 C, 
with accuracy tolerances to + 0.05 C 
and differentials as low as 0.03 C. 
“Thermoregulators” in straight or angle 
form adjustable to any setting between 
-30 and + 300 C are shown. Also des- 
cribed are magnetic relay, metal-cased 
thermostats and industrial indicating 
thermometers with thermostatic control. 


Precision Thermometer and Instrument 
Co. ->677 


MULTI-STEP PRESSURE SWITCH—Four 
page Form P-80 describes a device 
which contains a series of pneumatical- 
ly operated electric switches which 
provide sequential step control of as 
many as ten circuits from a single 
thermostat or pressure regulator. Nor- 
mal supply pressure of switch is 15 psi. 
Switches are rated 20 amp at 125, 250 
and 460 volts a-c, 1 hp at 115 volts a-c. 
The Powers Regulator Co. >678 


SPECTRUM ANALYZERS — Complete 
line of automatic spectrum analyzers 
with 0.5 cps to 44 kmc range, response 
curve tracers, and other instrumentation 
systems are described in a 12-page 
Catalog Digest. For convenience, the 
catalog groups specifications and des- 
criptions as: spectrum analyzers, spe- 
cial-purpose instruments, accessory in- 
struments, tracing systems, single-side- 
band analyzers, rf-vhf-uhf and micro- 
wave analyzers, and telemetering spec- 
trum analyzers and calibrators. Pano- 
ramic Radio Products, Inc. ->679 

(Continued on page 260) 
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sleeve of 
woven 


FIBERGLAS 
gives more 
than 
adequate 
insulation to 


YOUR WIRE 
under 
extreme 
conditions — 
that’s 


Varflo 


Varflo enlarged 
for details 


‘CORPORATION 
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Wherever you use either— 
or both—Class A and Class B sleeving 
and tubing, Varflo will save you 
money . . . by filling the require- 
ments of both classes at the cost of 
Class A insulation! 


Varflo vinyl-coated Fiberglas 
Sleeving and Tubing with its superior 
qualities of flexibility and greater 
dielectric strength under all conditions 
make it ideal for both Class A and 
Class B installations. 


@ FLEXIBLE It can be bent or even tied in 
knots without cracking or crazing. 


@ RESISTANT to water, alkalis, mild acids, 


oils and greases. 


@ TOUGH and stands up under vibration. 
Ideal for “After Treatment” operations. 


@ LONGER LASTING at high temperatures. 
Withstands hundreds of hours at 300° F. 
Good shelf life, too. 


@ MORE STABLE, retains dielectric vglue 
when pulled back during soldering. 


@ AVAILABLE IN 3 NEMA GRADES, 
B-A-1, B-B-1, and B-C-2 in 10 colors, in 
coils, 36” lengths or short pieces. 
Approved for application under MIL-1-21557 


Send. Today. 


complete line of samples and 


recommended uses. 


Makers of 
Electrical Insulating 
ecece. Tubing and Sleeving 
VARFLEX CORPORATION 


504 W. Court St., Rome, N. Y. 


Please send me free folder containing description and test samples of Varflo Sleeving 


and Tubing. 


Name. 





Company 





Street 





City. 


Zone a 
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AMPHENOL’s new Quick-Crimp Series BNC connectors* 
obsolete just about every other BNC now on the market. 
Here’s why: 


1 QUICK ASSEMBLY Only three basic parts 
(plus an optional boot) for you to assemble and 
crimp, as compared to as many as ten parts ina 
standard BNC! Assembly time is cut in half! 


INCREASED RELIABILITY Critical assembly 

operations have been eliminated; inspection is 
easier, faster, reliable. Cable retention and strain 
relief is greatly improved. Connectors are weather- 
proof. 


The Quick-Crimp family consists of 19 connectors: Plugs, Right 
Angle Plugs, Jacks, Bulkhead Jacks and Cable Terminations. 
Quick-Crimps mate with standard BNCs. Center contacts 

are gold-plated, have AMPHENOL’s patented captivated contact** 
construction. Voltage rating is 500 V. peak. 

VSWR is low up to 10K mc. 


U.S. PATENT PENDING ##U.S. PATENT 2,870,420 


Body Assembly, Ferrule Clamp 
Nut Assembly, Outer Ferrule and Boot 
—Only Four Parts to Assemble! 


CONNECTOR DIVISION 


"AMPHENOL-BORG ELECTRONICS CORPORATION Chicago 50, Illinois 
Circle 253 on page 17 


HELICAL-GEAR SPEED REDUCERS—In- 
formation on a line of reducers is 
contained in Book 2751 of 20 pages. 
Provided is selection data on 20 in-line 
reducer sizes in double, triple and 
quadruple reductions. Tables of load 
classes and service factors, horsepower 
and torque ratings, dimensions, over- 
hung load for high- and low-speed 
shafts, and mounting arrangements are 
given along with construction features. 


Link-Belt Co. > 680 


HIGH-DENSITY ALLOYS — Brochure 
KTM-9 presents information on Type 
KU-112, alloy of tungsten, copper, 
nickel, cobalt and other ingredients. 
Properties and uses of this high- 
density metal are described. Chief ap- 
plications: radiation shields, balancing 
or counter-balancing weights, vibration 
dampers and governors. Also described 
are crucibles for high-temperature 
applications. Kulite Tungsten Co. 681 


LEVEL-VISCOSITY MEASUREMENT — 
Data Sheets TDS 450 and 502 describe 
a detector and solid-state switching re- 
ceiver used for control and measure- 
ment of level, interface, gravity or 
viscosity. Detector pressure rating is 
3000 psig at 100 F; output (open cir- 
cuit), 500 mv at 120 cps. Receiver pro- 
vides operation of on-off devices at 
predetermined levels or interfaces. Au- 
tomation Products, Inc. > 682 


DEPOSITED-CARBON RESISTORS—Six- 
page folder provides information on 
“Fixtohm” precision resistors which are 
available processed to the user’s ohmic 
requirements. Resistors available in rat- 
ings from ¥ to 2 watts and in toler- 
ances of 1%, 1, 2 and 5 per cent. One 
page devoted to performance data of 
military style RN70B deposited-carbon 
resistors taken from U. S. Testing Re- 
port 50973. Campbell Industries, Inc. 
Subsidiary of Clarostat Manufacturing 
Co., Inc. > 683 


HEAVY-DUTY POWER SUPPLY — Line 
of power supplies for laboratory test- 
ing and other applications is described 
in Bulletin 1000, four pages. The sys- 
tems are designed for inputs to 15 kv, 
single phase or three phase, 25 to 60 
cps. Output ratings are to 100,000 amp, 
one, two or three phase, or d-c. Hevi- 


Duty Electric Co. > 684 


ELECTRICAL/ELECTRONIC PRODUCT 
MARKING — Catalog of 12 pages de- 
scribes methods and equipment for 
marking all types of electrical and 
electronic products. Curved, flat or ir- 
regular surfaces may be marked. 
Special sections describe machine for 
UL manifest label legend marking, 
color banding, screen-process printing, 
tape and label printing, wire and tube 
marking, and special marking ma- 
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aaa 


handling 
TOKW power 





MINIMUM | MINIMUM | MAXIMUM AVERAGE 
PEAK FORWARD | FORWARD CURRENT 
REVERSE | BREAKDOWN (amps) 
TYPE VOLTAGE VOLTAGE 
at T case| at T case 
(Volts) (Volts) = 100°C | = 25°C 
TCR 102 


Transitron’s Silicon Controlled Rectifier is a PNPN high power bistable 
controlled switching device. It is analogous to a thyratron or ignitron, with 
far smaller triggering requirements and microsecond switching. The low 
forward voltage drop permits high current ratings and provides high effi- 
ciency with low cooling requirements. The PNPN design permits higher . 
voltage ratings and lower saturation resistance than power transistors. This oeentneeeah ae a ae cae 
permits the smallest packaging for high power control yet made possible. Send for Bulletin TE 1356 : 


Ratings currently available extend to 10 amperes at 100°C case tempera- 
ture and up to 400 volts forward and inverse ratings. Operation at 125°C is 
now permissible with derating. Full ratings are possible at 35°C ambient with 
a 5” square heat sink. The peak control power is typically 1/200,000 of the 
output power! 


Transitron’s Silicon Controlled Rectifier has been designed into a new 
package for more rugged, convenient, and practical application. The 11/16” 
hex base and the general outline coincide with EIA standards for the 20- 
ampere rectifier. 


OTHER ® 0 


TRANSITRON HIGH VOLTAGE ASSEMBLIES 
SILICON 





eee 8 scar racers ay “Ira mg itron 


FOR 
eae electronic corporation 
RECTIFIER ‘ 
ASSEMBLIES wakefield, massachusetts 





MUST” 


ANOTHER ACME ISONEL WIRE! 


Specify #175 —Class F—155° C 


ACME Isonel Wire +175, when used 
with compatible varnishes, is suit- 


able for Class F applications. 


ACME Isonel Wire #175 has all the 
properties of Formvar Wire PLUS, 


without increase in cost. 


ACME Isonel Wire #175, when used 
with ACME #150 varnish, is suit- 


able for Class B applications. 


THE ACME WIRE COMPANY 
NEW HAVEN, CONN. 


MAGNET WIRE @ COILS @ VARNISHED INSULATIONS 
INSULATING VARNISHES AND COMPOUNDS 
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—100} 10° 0.01% 
PPM/C] MEG 


LOW CURRENT 
POWER SUPPLIES 
2 KVDC—30 KVDC 


METALLIZED 
PAPER & MYLAR 
CAPACITORS 
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chines. Equipment described ranges 
from high-production machines to hand- 
operated devices. Markem Machine 
Company. > 685 


FLAMEPROOF PLASTICS DATA—Seven 
flame-proofed and heat-resistant dially] 
phthalate plastic molding compounds 
for electrical and electronic use are 
featured in four-page specification sheet. 
In addition to complete tabulated tech- 
nical data, the sheets offer brief de- 
scriptions of each compound and dis- 
cuss recommended applications. Fillers 
used in meta- or ortho-phthalate com- 
pounds are glass fiber, Dacron or as- 
bestos. Mesa Plastics Co. > 686 


THERMOCOUPLE CATALOG — Illus- 
trated Catalog EN-S2 offers informa- 
tion about the manufacturer’s line of 
thermocouples, thermocouple compon- 
ents and accessories. Publication of 52 
pages lists and describes standard as- 
semblies in protecting tube and wells 
for general applications; specialized 
thermocouples and assemblies for labo- 
ratory and industrial applications; and 
line of bare and insulated thermocouple 
wires, replacement elements, ceramic 
insulators, metal and ceramic protecting 
tubes, wells, terminal heads and ex- 
tension lead-wires. Recommendations 
are given on choice and use of thermo- 
couples and assemblies. Leeds & North- 
rup Co. —>687 


VULCANIZED-FIBER SHEETS — Six 
standard grades and five special grades 
of vulcanized fiber are described in 
four-page Data Sheet 2. On the center 
spread is a chart which lists suggested 
uses, corresponding NEMA grade, ap- 
plicable specifications, sheet colors, and 
sizes and engineering data for the eleven 
grades. Taylor Fibre Co. > 688 


INSTRUMENT CASES—Brochure of four 
pages pictures, describes and tabulates 
a line of deep-drawn aluminum cases 
in a diversity of lid sizes, with a height 
choice up to 30 in. OD. TA Manufac- 
turing Corp. > 689 


HIGH-VOLTAGE D-C SUPPLIES—Sixty- 
three high-voltage d-c power supply 
models are described, along with tabu- 
lar specifications, in Product Data Sheet 
HV-DC. Data is given on P, MP, HP 
and VHP Series high-voltage supplies 
as well as on 1000 and 2000 Series 
supplies. Maximum output voltage rat- 
ings cover range from 1 to 350 kv. 
Nominal maximum output powers range 
up to 60 kw. Output voltage of most 


~units is continuously adjustable. All 


supplies have triple-range output volt- 
age and current meters. Sorensen & 
Company. 690 


RADIO-FREQUENCY FILTERS — Four- 
page bulletin illustrates and describes 
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because we can’t buy them 


.. IT’S AS SIMPLE 


AS THAT...AND 
THEY COST NO 
MORE THAN 


OTHER SWITCHES 


LIMIT SWITCHES. 
A full line, originally de- 
signed for machine tool 
applications but now used 
wherever the highest reli- 
ability factors are required, 
Bulletin EM-51. 


NOVEMBER 1959 


SOLENOIDS. A full 
line of standard and custom 
units for AC or DC. Push 
or pull types with capaci- 
ties up to 25 lbs. Bulletin 
EM-52A. 


We had to build Gold-N-Ring Control Switches to meet our own 
high reliability specifications . . . our reputation was a part of 
this important fact. We’re machine tool builders. We can’t 
afford to be responsible for costly down-time on important 
capital investment equipment due to inferior control switches. 
That’s why we build them like precise machine tools . . . and 
why it will pay you to check with us. 


A wide range of basic units meets practically every need... 
as well as completely assembled stations in 1 to 4 button sizes 
to meet your electrical specifications. Ask our representative to 
call, or send for Bulletin ECS-56 . . . the complete selection 
and ordering guide. 


ELECTRICAL MANUFACTURING DIVISION 


National 


THE NATIONAL 


ACME COMPANY 
176 E. 131ist STREET 
CLEVELAND 8, OHIO 
263 
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FOR DEPENDABLE CONTROL AT LOW COST 


USE A.P.I. METER-RELAYS 


WITH LOCKED-IN RELIABILITY 


Simple, sensitive and accurate . . . the A.P.I. meter-relay is 
also a rugged-performance instrument that will monitor and con- 
trol any electrically measurable variable. It will do so with 
great reliability. 

Consider this: the A.P.I. meter-relay is capable of operating 
for more than 10,000,000 make-break cycles, with perfect con- 
tact every time. Because reliability is “locked-in.” 

How so? A unique locking coil does the trick. It supplements 
the torque developed by the sensitive D’Arsonval meter move- 
ment, drives the indicator and set-point contacts together, creating 
a firm, sure electrical circuit. And because this action auto- 
matically spring loads the contact on the set-point arm, break- 
contact is clean and decisive, with no teasing or sticking. 

Another significant fact about the A.P.I. meter-relay: you can 
use it with very tiny current or voltage inputs. Full scale sensi- 
tivity can be as small as 5 microamperes or 5 millivolts. No 
signal amplification necessary. Use it with thermocouples, photo- 
electric cells . . . any sensing element you wish — all you need 
is some electricity. 

Why not explore the design possibilities inherent in the low- 
cost meter-relay? Catalog 4E gives full data. 


ASSEMBLY PRODUCTS, INC. 


Chesterland 14, Ohio 


G.A. 1670 
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multiplexers, harmonic filters, and band- 
pass filters for communications and 
space systems. Brochure on units for 
25 to 1000 mc range is illustrated with 
graphs, schematics, photos and specifi- 
cations. C. A. Rypinski Co. +691 


DATA-PROCESSING COMPUTER — 
Twelve-page Booklet U-1770 explains 
and illustrates a Univac solid-state com- 
puter which is compatible with any 
punched-card installation. System uses 
magnetic-core amplifiers and transistors 
and may be operated in an area as 
small as 575 sq ft. Remington Rand 
Div., Sperry Rand Corp. > 692 


WALL CHART ON MICROWAVE DI- 
ELECTRICS—Large colored chart gives 
properties of various dielectric ma- 
terials at microwave frequencies of 
from 30 cm to 1 cm. Materials are 
arranged in order of dielectric constant 
(1.00 to over 100) and dissipation 
factor (0.0001 to over 1.0). Emerson 
& Cuming, Inc. > 693 


SOLDERLESS TERMINALS Four-page 
brochure illustrates a choice of basic 
types of electric terminals and con- 
nectors ranging from standard tongue 
designs through multiple-wire connec- 
tors and quick-disconnects. Five barrel 
styles are shown, including insulated, 
non-insulated and vibration-proof styles. 
Performance features of each are com- 
pared. All terminals have 14-in. barrel 
length. ETC, Inc. >694 


LAMPHOLDER DIGEST—F our-page, two- 
color Brochure LD859 features bracket- 
mounted sockets for small lamps. Vari- 
ous types of sockets are illustrated and 
described, together with appropriate 
lamps for which the units are designed. 
Included are sockets for following types 
of incandescent and neon-glow lamps: 
double-contact candelabra bayonet, sin- 
gle-contact candelabra bayonet, cande- 
labra screw, miniature bayonet, minia- 
ture screw, and intermediate screw. 
Also featured are groupings of typical 
mounting brackets, grounded sockets, 
wire terminations and specialties. Lee- 
craft Mfg. Co., Inc. > 695 


ISOLATION EFFICIENCY CURVE—Four- 
page Buletin 901 contains a two-page 
isolation efficiency curve for flexible 
mounting systems which may be used 
for simple linear vibration. Disturbing 
frequency (from 0 to 500 cps) is 
plotted against static deflection (0.001 
to 1.00 in.). Lord Manufacturing Com- 
pany. > 696 


MODULAR ENCLOSURES — Loose-leaf 
Catalog 106 features technical and en- 
gineering data, specifications, drawings, 
photographs and illustrations of basic 
frames and component parts for modu- 
lar enclosures. Enclosures available 
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You get an eatra measure of design freedom with 
.»» POWDERED PERMALLOY FILTOROID®’ CORES* 


The high permeability and low core loss of pow- 
dered permalloy Filtoroid cores can remove design 
roadblocks for you. You can build extra frequency 
stability into filter networks with these cores. 
Their permeability remains stable with changes in 
time and flux levels. Distortion factors are held to 
a bare minimum. Temperature coefficient of in- 
ductance is tightly controlled. 


There’s extra design flexibility for you, too, in 


the broad range of Filtoroid cores available. 
They’re made in three standard permeabilities— 
150, 125 and 60—in sizes up to 1.570” O.D., all 
carried in stock for immediate shipment. 


Our engineers are ready right now to help you 
select the proper Filtoroid core for your filter 
circuits. Write or call for a discussion of your 
needs, or send for Bulletin G-1. 


*MADE UNDER A LICENSE AGREEMENT WITH WESTERN 


TALS 


transformer laminations * motor laminations + tape-wound cores 
powdered molybdenum permalloy cores + electromagnetic shields 


MAGNETIC METALS COMPANY °*¢ Hayes Avenue at 21st Street, Camden 1, N. J. 
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Biack Boxes, 
Dry Powder, and 
Missile Making 


ft takes a lot of black boxes plus a good 
bit of dry powder to launch an occasional 
missile down at Cape Canaveral. Some of 
the black boxes contain Spectrol precision 
mechanisms, inline or otherwise, designed 
to control critical flight functions. 


You may be interested in one of these units 
that we recently delivered to the missile 
people which has a number of industrial 
control applications outside this rather 
esoteric field. Known as a Function Pro- 
grammer, this particular 3 x 4 x 5 inch 
package is used for the flight control of 
guided missiles. Inside the Spectrol black 
box is a precision mechanism consisting es- 
sentially of a permanent magnet dc motor 
which drives a Spectrol precision potenti- 
ometer and six rotary switches of special 
design developed by Spectrol. These units 
are interconnected by an appropriate gear 
train. In operation, the precise opening and 
closing of the rotary switches and the ro- 
tation of the Spectrol precision potentiom- 
eter control the flight altitude of the missile 
with respect to time. 


As you can well imagine, devices of this 
type must be built to operate within pre- 
cise specifications under severe environ- 
mental conditions. In addition to the usual 
MIL specs, this unit was built to withstand 
a 2000 cps vibration at 10 G's and a shock 
of 50 G's. The Spectrol precision mechan- 
ism not only operates after experiencing 
these conditions, but during them. Overall 
program timing accuracy is 3 percent. 


Other applications for this little Spectrol 
package include checking a number func- 
tions sequentially in ground support equip- 
ment, programming machine tools, and 
controlling the order of operation in chem- 
ical and processing plants. 


To accommodate the numerous count- 
downs involved in missile testing, this 
Spectrol precision mechanism runs twice 
as fast in the “reset” position as the “pro- 
gram” position. 


More information, including a helpful 8 
page booklet, on this and other Spectrol 
precision mechanisms designed for use as 
functional sub-assemblies is yours for the 
asking. Simply call your nearest Spectrol 
sales engineering representative or address 
Department 171). 


4 


ELECTRONICS CORPORATION 


Sales engineering representotives in principal cities 


1704 S. DEL MAR AVE., SAN GABRIEL, CALIFORNIA 
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with doors, drawers, cradle slides, 
shelves, etc., and for front-panel widths 
of 19 or 24 inches. Catalog sections are: 
vertical-rack cabinet frames, sloped- 
front cabinet frames, equipment cabinet 
frames, work-writing tops, turret and 
instrument cabinet frames, and com- 
ponent parts. Catalog includes guide to 
component parts for use with each basic 
frame. Elgin Metalformers Corp. 697 


SOLENOID VALVES—Catalog 59-60, 20 
pages, is divided into three sections: 
valves for oil service, water service and 
air service. Solenoid valves for all three 
applications available as four-way, 
three-way, shut-off and diverter valves. 
Standard pressures are 250, 1500 and 
3000 psi. Catalog contains flow-pattern 
diagrams for all types. Manual valves 
also described. Barksdale Valves. ->698 


FLUOROSILICONE RUBBER COMPOUND 
—Series 1000 compounds resist ozone 
and weather and contain Dow Corning 
Silastic LS-53 for fuel resistance. Single- 
page data sheet contains specifications 
of compound which retains its proper- 
ties over —65 to +450 F. Seals, gas- 
kets, diaphragms and other moldings 
and extrusions may be produced from 


the fluorosilicone elastomer. Hadbar. 
Inc. —->699 


Manufacturers’ 
Publications 


For these selected publications on mate- 
rials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source. 


PRECISION MINIATURE SCREW CATA- 
LOG — Describes miniature machine 
screws available in all head styles and 
in a variety of metals conforming to 
commercial and AN, MS and NAS 
specifications. They include sizes 0-80, 
1-72, and 1-64, as well as 00-90 and 
00.96. Lengths range from \%¢ to 11% in. 
Included in the catalog is a table of 
screw dimensions. Copies may be ob- 
tained by writing on company letter- 
head to Hardware Specialty Co., Inc., 
479 Washington St., New York 13, 
N.Y. 


LIQUID LEVEL SWITCHES—Manual of 
42 pages, illustrated with drawings and 
diagrams, provides information on ul- 
trasonic switches for a variety of liquid 
level monitoring and control applica- 
tions. Theory of operation is discussed 
and applications are described. Ex- 
planations are given for propellant 
utilization systems, automatic tanking 

(Continued on page 270) 
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Cut down on metal fabricating costs 
by cutting out expensive machining 
and finishing operations. Leach & 
Garner ROLL FORMED SHAPES elim- 
inate operations by affording dimen- 
sionally exact (+ .001/’), temper con- 
trolled, irregular or unusual cross 
sectionally shaped metal stock. An 
infinite variety of shapes is possible 
in most metals. 

Tooling, when required, is produced 
by our highly skilled Tool Depart- 
ment at reasonable cost. 

Our experienced engineering staff 
will evaluate your parts and present 
manufacturing operations for adap- 
tation to the use of ROLL FORMED 
SHAPES. Your inquiries will receive 
our prompt attention. 


INDUSTRIAL DIVISION 
ATTLEBORO, MASS. 


arner 


WR 


FOUNDED 
th) 


SALES OFFICES 
NEW YORK @ CHICAGO @ LOS ANGELES 
CLEVELAND @ DAYTON ®@ DETROIT 
rot prompt quotations to your 
print and specifications, write to: 
Leach & Garner 
50 Pearl Street 
Attleboro, Massachusetts 
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NOW PRICED WITH PRECISION WIRE-WOUNDS! 


OHMITE 
Series 77 


ETAL FILM RESIS 


SS 


Excellent High Frequency 


Characteristics 


High Stability, Low Noise 


Exceeds Military 
Specifications 


At last you can get quality metal film resistors, with all 
their advantages, at prices competitive with precision 
wire-wound units. In fact, some values are actually 
priced lower. 


EXCEEDS MILITARY SPECIFICATIONS—Ohmite metal film 
precision resistors exhibit great stability under load at 
ambient temperatures of 150°C and higher, as well as in 
high humidity. Stability in storage is also excellent. A 
shelf-life test (covering a period of 44 years) of 93 units 
in the 60 to 300 K-ohms range showed less than 0,05°; 
maximum change in resistance. This stability together 
with low temperature co-efficient, low noise level, and 
unexcelled high frequency characteristics, are the reasons 
why Series 77 metal film resistors are demanded for both 
military and industrial applications. 


Write for Bulletin 155 


OHMEE 


OHMITE QUALITY 
MANUFACTURING Components NEW 


ACTUAL SIZE 


[ Ohmite 


COMPANY 2-WATT : 


SIZE 
3613 Yoward Street, Skokie, Illinois 
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Dimensions (Inches) 
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RHEOSTATS RESISTORS RELAYS TANTALUM CAPACITORS TAP SWITCHES 


VARIABLE 
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TMIL-R-19074B 


TRANSFORMERS 





R. F. CHOKES 


25-150K 


~ | 25-400K 


[25-150K 
{100-1 meg 
100-1 meg 





GERMANIUM DIODES 
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CONSTANT 


SPEED 
TOR Meera INDUCTOR 
INDUCTOR 


SUPPORT 


ADJUSTABLE 
SPEED 


OUTPUT BEARING 
AND LOCKNUT 


ROTOR OUTPUT 
Ta an 





Two-field 
construction shown. 
Also built in one, 
three, or four-field 
construction with 
or without magnetic 
brakes. Simply 
specify your hp and 
speed requirements 
and Louis Allis 

will tailor the drive 


to your need. 


Just a few 
of many 
application 
possibilities: 


Test stands 


Adjustable-frequency 
sets 


Paper-machine 
drives, line shaft, 
sectional, or helper 


Extruder drives 


Rubber and paper 
calenders 


Wire-drawing 
Another new product from Louis Allis machines 


Pumps and blowers 
Kiln drives 


The new Louis Allis 
MAGNETIC DRIVE 


A compact, precise adjustable speed drive up to 2000 hp! 


If you use adjustable speed drives up to 2000 hp, you ought to know about 

the special features available in the all-new Louis Allis Magnetic Drive. Based 
on a liquid-cooled magnetic coupling design, this outstanding drive offers you 
the finest in precise regulation, compactness, and design flexibility. 

A unique annular cooling manifold distributes the coolant over the outer surface 
of the inductor drum to provide an effective heat transfer. “Water drag” is 
eliminated, since there is no liquid in the air gap between the constant speed and 
adjustable speed members. 

This new cooling principle eliminates “flooding” the Magnetic Drive and 
forcing of water into the bearings. And you'll never find condensation in the 
bearings, because the annular manifold design permits a planned flow of air 
through the drive at all times. This reduces bearing temperature and carries away 
any condensation which might occur as the unit cools off after use. 

The design also incorporates stationary field construction, thus eliminating slip 
rings. All bearings can be easily lubricated without disassembly, and grease 
chambers provide ample grease reservoirs. 

Other features include field coils and lead connections encapsulated in a 
special chemical and heat-resistant polyester — simplified construction for 
easy inspection and servicing — and versatile design for simple relocation 
of cooling inlet, conduit box, discharge, etc., regardless of direction of rotation. 

If your plans call for adjustable speed drives — specify Louis Allis Adjustable 
Speed Magnetic Drive, For a complete description of these new drives, write 
for Bulletin 3650 — now available at your Louis Allis District Office or from 
The Louis Allis Co., 428 East Stewart Street, Milwaukee 1, Wisconsin. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 
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F. or remote control switching jobs ... 


stepping, counting, programming, 


circuit selecting, sequencing and homing 


I specify 


LEDEX SELECTOR SWITCHES 


because... 


sizes from sub-miniature, with 

switch positions to meet all requirements 
any operating voltage from 3 to 300 volts DC 
variety of models stocked for immediate delivery 
hermetically sealed models are offered 
compactness eliminates “bulk” problems 
silver alloy contacts give long switch life 
the economical solution to multiple circuit switching 
experienced LEDEX engineers are available to help 
LEDEX means dependability 
write for descriptive literature today! 


G. H. LELAND, INC. 
DAYTON 2, OHIO, U.S.A. 


In Canada: Marsland Engineering, Ltd., Kitchener, Ontario 
In Europe: NSF Ltd., 31-32 Alfred Pl., London, England; NSF, GmbH, Niirnberg, Germany 
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operations, liquid leak detection, high- 
and-low-level warning and control sys- 
tems. Copies may be obtained by re- 
quest on company letterhead to Acoustic 
Associates, Dept. R, 100 Fairchild 
Court, Plainview, L.I., N.Y. 


TRANSISTOR MANUAL—The fourth 
edition of the Transistor Manual con- 
tains 227 pages of completely re-written 
information on transistors and their use 
in electronic circuits. Included in the 
twenty chapters is information on basic 
semiconductor theory, transistor con- 
struction techniques, biasing, switching 
characteristics, and several chapters on 
circuits. The book contains a revised 
listing of all American JEDEC-regis- 
tered transistor types with their basic 
specifications, interchangeability infor- 
mation, and is priced at $1.00. Address 
requests to General Electric Co., Semi- 
conductor Products Dept., Charles 


Bldg., Liverpool, N. Y. 
SEMICONDUCTOR JOURNAL — The 


Semiconductor Division of Tung-Sol 
Electric Inc. has published the first is- 
sue of a semiconductor technical 
journal, The Lattice. Microelectronics 
and miniaturization have been selected 
as the topic for the first series of three 
issues. The Army’s micromodule pro- 
gram is covered briefly in 12-page Vol. 
I, No. 1. Subscriptions may be obtained 
by design engineers who write on their 
company letterhead to Dept. A, Tung- 
Sol Electric Inc., 1 Summer Ave., New- 


ark 4, N. J. 


WIRE AND CABLE TERMS—Pocket- 
sized “Glossary of Wire and Cable 
Terms” is a 52-page 4 x 6 in. publica- 
tion. It lists common terms, expressions 
and units used in the electrical wire 
and cable industry. Available on letter- 
head request to Standard Wire and 
Cable Co., 3440 Overland Ave., Los 
Angeles 34. 


INTEGRAL HP MOTORS—Drip-proof, 
splash-proof, weather-proof  integral- 
horsepower electric motor Brochure 
SB-186 contains four pages of ratings 
and dimensions of motors from 10 to 
150 hp and frames 364-U through 445- 
US. Copies available by letterhead re- 
quest to Marathon Electric Manufac- 
turing Corp., Wausau, Wisconsin. 


RECEIVING-TUBE HANDBOOK — Re- 
ceiving-tube and television picture-tube 
handbook “Essential Characteristics” 
contains a new section listing domestic 
near-equivalents of 95 foreign tube 
types. Tube data listings now include 
screen watts. Added to 15 typical cir- 
cuits are a stereo preamplifier and an 
AM-FM tuner. Book contains 260 
pages; price $1.00. Requests for copies 
should be addressed to General Elec- 


tric Receiving Tube Dept., Owensboro, 
Ky. 
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SYLVANIA Precision-Plated WIRES 


Standard 
Percentage Sizes, in Stock 
Type of Wire* of Plating Typical Applications or in Process 


NICKEL PLATED BRONZE 2,4% Extensively used in manufactur- .008” to .050" 
ing wire cloth for Fourdrinier 
papermaking machines and 
other applications where corro- 
sion resistance is essential 
NICKEL PLATED BRASS 2,4% Woven wire cloth for less severe .010" to .050” 
service than nickel plated bronze 
NICKEL PLATED COPPER 10% Incandescent lamp lead wires. -005”" to .100” 
High temperature cables for serv- 
ice up to 650°F. 


NICKEL PLATED COPPERWELD Lead wires for electronic tubes 
and incandescent lamps. Com- 
bines strength, high conductivity 
and oxidation resistance. 


NICKEL PLATED STEEL 2,4, 8% Fluorescent lamp and electrom .005" to. 
(Base metal tube leads; grid side rods; higf- 
contains .06% temperature appliance leadin 
carbon nominal) wires for operating temperatures 
up to 500° F. 


NICKEL PLATED INGOT IRON 2,4, 8% Lead wires and grid side rods 
(Base metal, .03% 
carbon max.) 


NICKEL PLATED IRON 2,4,8% Lead wires and grid side rods 
(Base metal, .06% 
carbon max.) 


SILVER PLATED “‘D" NICKEL All of these used for lateral grid 0015" to. 
SILVER PLATED PERMANICKEL wires in electronic tubes 0015" to. 
GOLD PLATED "‘D" NICKEL 0015" to. 
GOLD PLATED PERMANICKEL 0015" to. 


*Partial list. 25 types in stock or in process at all times. 


¢ Most uniform plating obtainable 


¢ Most complete line available 


P LATED WIRES are normally plated at a size only to assure compliance with customer specifications 
slightly larger than finished size. In the Sylvania for uniformity and _ reliability. 
process, a !,” rod is plated to the desired percent- Sylvania engineers are available to aid you in 
age (1% to 15% plating material) and the plated the establishment of your purchase specifications 
rod is then drawn to the required wire diameter. on both standard and special plated wires. Samples 
This process insures maximum uniformity. of standard products are available for your evalu- 
The Sylvania process results in maximum uni- ation. As specialists in plated, clad and alloy 
formity, improves the physical characteristics and wires . . . the most complete line in the industry 
increases the density of the plated metal, provid- . .. Sylvania can offer an objective recommenda- 
ing maximum protection to the core material. tion on the type of wire best suited to your needs. 
Sylvania Plated Wires are processed and inspected Write for literature today. 


Custom Molded Plastics 
Custom Metal Stampings 
Custom Welded Parts 
Custom Assemblies 
Alloy, Clad, Plated Wire 


; Plated Metal Strip 
Subsidiary of DIVISION Electronic Components 


GENERAL TELEPHONE & ELECTRONICS Fluorescent Components 
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FOR FURTHER INFORMATION on any of the 
items on this and following pages, CIRCLE num- 


bers listed at the end 


items on the Reader 


Inquiry Service postcards, pages 17 and 19. 
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Components 





and Materials 


A staff compilation of the latest developments . . . screened for 
design-in use in electrically operated end products . . . complete 
with all released specifications and available application data. 





MILITARY GERMANIUM 
TRANSISTOR 


Type 2N297A transistor has a collector 
voltage rating of 60 volts max. and a 


collector current rating of 5 amp max. 





It will dissipate 35 watts at 25 C and 
10 watts at 75 C. Designed to meet 
MIL-T-19500/36A (SigC), the tran- 
sistor can be used in applications such 
as high-current switching, audio am- 
plification, voltage regulators, power- 
circuits and power-oscillator 
circuits. Bendix Aviation Corp., Red 
Bank Div., Long Branch, N. J. —>479 


supply 


TRANSISTOR CHOPPER WITH 
DRIVE TRANSFORMER 


Type 6025 chopper has a SPDT switch- 
ing action for operation from 50 to 
5000 cps. Drive may be 6.3 volts, sine 
or square wave, with power require- 
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ment less than 20 milliwatts. Drive may 
be up to 14 volts at frequencies above 
100 cps. Chopper output is linear 
within 2 per cent for signal range 
from approximately ten times noise 
level to 100 volts with signal current 
not over 10 ma. Seven-pin mu-metal 
case is epoxy potted. Internal drive 
transformer provides signal and drive 
source isolation. Airpax Electronics, 
Inc., Cambridge Division, Cambridge, 
Md. > 480 


DEPOSITED-CARBON-ALLOY 
RESISTOR 


Resistor with deposited-carbon-alloy 
element is approximately one-half the 


——__ 


———_——_—_— 


physical size of the company’s standard 
deposited-carbon resistor. Type MDA, 
which was 4 watt at 70 C, is now rated 
14 watt at 70 C with new carbon-alloy 
resistance element. Same doubling in 
rating applies to Types MDB and MDC 
also. Each meets MIL-R-10509C, Char- 
acteristic B, for its respective size. Re- 
sistors are available in 14, % and 1 watt 
sizes, in resistances from 10 ohms to 25 


megohms. Standard tolerance is 1 per 
cent, although 0.5 and 2 per cent types 


are offered. International Resistance 
Co., 401 No. Broad St., Philadelphia 8, 
Pa. —>481 


PRINTED-CIRCUIT ENCODERS 
AND COMMUTATORS 


Flush circuits consist of electrical con- 
ductors in various configurations 
which have been imbedded in sur- 
rounding dielectric materials to close 
tolerances. Surface has no interruption 





or unevenness between conductor and 
insulator. Inlaid circuits may be used 
as commutators, coding disks, emitter 
disks, switching plates, or other ap- 
plication in which smooth, low-noise 
brush or wiper action is required. Cir- 
cuits for special applications requiring 
precise registration between circuits 
imbedded on both sides of laminate 
material and extremely thin circuits 
can be supplied. Angular tolerances 
of 5 sec of arc over 360 deg can be 
held. Commercial line width and spac- 
ing is 0.002 in. approx; finer patterns 
available. Dimensional tolerances, to 
0.0002 in. Circuits are flush to less 
than one micron with finish better than 
5 microin. All metals which can be 
electroplated are available in any com- 
bination. Variety of surface resins and 
laminate sections available. Scientific 
Components, Inc., 30 So. Salsipuedes 
St., Santa Barbara, Calif. ->482 


ADJUSTABLE 
TIME-DELAY RELAY 


Miniature TR-30]1 relay uses silicon 
diodes and transistors for any specified 
timing range within 10 millisec to 5 
min. Range of unit illustrated is 0 to 
30 sec with nominal accuracy 10 per 





ELECTRICAL MANUFACTURING 








= ey aed 






. . . this is the least-important dimension/at all. T 
examined as to performance they prevel alperspe 
fiers have been established as the periér mr t 





. . « these parameters against.similar ratin z 













JUNCTION SIZE WENT JUNCTION TEMP. RISE 
DC CURRENT —TARZIAN “TARZIAN 0) wall oe. TARZIAN 
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*Check with other suppliers. 
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TARZIAN INC. x ri cice DIVISION 


415 north college iiiceniserter, indiana © edison 2-1435 
(n Canada: 700 Weston Rd., Toronto 9, Tel. Roger 2-7535 © Export: Ad Auriema, Inc., New York City 
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COST-CUTTING 
PRODUCTION 
TEAM 


The two-way 
answer to 
assembly problems 


Assembly problems are a designer's 
problem, too. Milford offers tubular 
rivets made to high quality standards 
to assure a better finished product... 
a wide line of Automatic Riveters that 
assemble your “brainchild” with care, 
precision and economy. 

For the answers to assembly problems 
... get in touch with Milford first. 


MILFORD RIVET 
& MACHINE CO. 


MILFORD, CONNECTICUT ° HATBORO, PENNA. 
ELYRIA, OHIO * AURORA, ILL. * NORWALK, CALIF. 
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cent and repetitive accuracy of +2 
per cent. Instantaneous recycling and 
integral or remote variable delay off- 
ered. Relay supplied to operate on 
voltages from 24 to 115 volts at 50 or 
60 cps; also 28 volts d-c. Contacts: 
CPDT or DPDT, 5 amp resistive at 
115 volts a-c. Power consumption, 50 
ma at 28 volts d-c. Syracuse Electronics 
Corp., 1014 E. Fayette St., Syracuse 10, 
N. %. —>483 


SILICON TRANSISTOR 
CHOPPER 


Model 70 solid-state chopper (or modu- 
lator), an encapsulated unit, is de- 
signed to alternately connect and dis- 
connect a load from a signal source. 


—S—=: 


Unit may also be used as demodulator. 
Device will linearly switch or chop 
voltages over dynamic range from be- 
low 1 millivolt to 10 volts. Chopper 
can be driven from d-c to 100 ke. Ap- 
plications include low-level voltage 
measurements, d-c amplifier stabiliza- 
tion, high-speed servomechanisms, 
thermocouple instrumentation and low- 
level switching. Operating temperature, 
—55 to +130 C; driving voltage, 5-10 
volts peak-to-peak square wave. Driv- 
ing source and input resistances, 600 
ohms. Output voltage equals chopped 
input voltage. Solid State Electronics 
Co., 8158 Orion Avenue, Van Nuys, 
Calif. —>484 


PM-TYPE 
SYNCHRONOUS MOTORS 


Series of small permanent-magnet-type 
motors in speeds from %o to 10 rpm are 
designed for high-torque applications. 
Series 500 motors are offered with 
lubricating-oil reservoir in pinion or 
reservoir lubricating system located in 
motor core. Available in clockwise or 
counterclockwise rotation, 115 volts, 60 
cps. Optional clutch supplied in in- 
ternal gear reduction section for ap- 
plications requiring manually rotatable 


shaft. Industrial and Commercial Con- 
trols Div., Controls Co. of America, 
9555 Soreng Avenue, Schiller Park, 
Illinois. —>485 


FLAME-RETARDANT 
LAMINATE 


Paper-base laminate Grade FR-1 is 
offered in various sheet sizes and thick- 
nesses from 0.031 to 1.5 in. For %-in. 
thick sheet: flexural strength, 14,000 
psi lengthwise, 15,000 crosswise; shear 
strength, 11,000 psi; water absorption 
in 24 hr, 1.3 per cent; electric strength 
(perpendicular to laminations), 500 
vpm typical for short time. Insulation 
resistance over 96 hr at 90 per cent 
RH, 60 megohms at 95 F. Ignition time 
(NEMA Flammability Test), 120 sec 
typical. Synthane Corporation, Oaks, 
Pa. —>486 


CONNECTOR FOR 
MINIATURE COAX 


Compression-type Hyfen gang connec- 
tor for miniature coaxial cable has the 
pin and socket contacts crimped to 
both inner and outer conductors. Plug- 
and-receptacle unit will connect RG 
195U cable and No. 24 shielded minia- 
ture coax cable, the inner conductor 


of which has seven No. 32 AWG 
strands. Connectors for other sizes of 
coax cable will be available. Connector 
frames accommodate three, five or eight 
inserts, snapped in from front or back. 
Inserts for coax cable accommodate up 
to 21 pins or sockets. Plug or recepta- 
cle insert may hold either (or inter- 
mixed) male or female contacts. Coax 
cable inserts and standard wire inserts 
may be mounted in same frame. Con- 
tacts can be crimped to cable ends, 
after harness is in place, away from 
equipment to be wired. Omaton Div., 
Burndy Corp., Norwalk, Conn. ->4g7 


HIGH-TEMPERATURE 
VARIABLE RESISTORS 


Resistor with infinite resolution has 
metal-ceramic resistance element. Series 
600 CeraTrols exceed MIL-R-94B re- 
quirements. Variable resistor power 
ratings are 34 watt at 85 C, 1% watt 
at 125 C, and zero load at 175 C. Re- 
sistance range, 100 ohms through 5 

(Continued on page 278) 
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Handle Any Adjustable-Speed Job 
with One of these Square D “packages” 


ane! 
pee = FL ECTRONIC DRIVES 


an automo- 
tive plant 
for control employ advanced designs using more 
- sa static elements and less tubes. Fail- 
A conveyors safe circuits prevent motor runaways. 
Available in sizes from 1/20 H.P. 


through 40 H.P. 


STATIC POWER 
MAGNETIC AMPLIFIER DRIVES 


provide top reliability and simple 
maintenance. Save both floor space 
and weight as compared to conven- 
tional drives. Available in sizes 
through 400 H.P. 


MOTOR-GENERATOR DRIVES 


use static regulators and rectifiers 
for simplified maintenance. Rugged, 
heavy-duty components are provided 
in each drive. Available in sizes 
through 400 H.P. 


a Square D"package”’ includes the power conversion unit, 
operator’s station, and drive motor 


CUSTOM DRIVES 
No matter what adjustable-speed requirements you may 


have, you can select a Square D drive to meet them ex- for every possible adjustable-speed 
actly. Moreover, every component—from control to drive requirement can be designed for you 
motor—is subjected to a complete electrical test, and the using combinations of the above 
entire drive is test-run at the factory to assure top per- units, plus special units, with accu- 
formance on the job. racies to fractions of 1%. The answer 

to your adjustable speed problem is 
Write for complete details. Ask for Adjustable-Speed Bulletin. as near as your Square D field office. 
Square D Company, 4041 North Richards St., Milwaukee 12, Wis. 


EC&M weavy inpustry ELECTRICAL EQUIPMENT...NOW A PART OF THE SQUARE D LINE 


SQUARE J) COMPANY 
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Raytheon Voltage Regulating 


PLATE-FILAMENT 


4 on oe we ee ee 


Slote 
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TRANSFORMERS........... 


Transformers that regulate 
voltage to within + 3% 


This versatile Raytheon unit looks like a trans- 
former, but does the combined job of trans- 
former plus voltage regulator. 


In a conventional power supply circuit, the 
voltage regulating transformer maintains a dc 
output voltage within +3% with line variations 
of +15%. 


For custom requirements, please write our Ap- 

plications Engineering Group for an answer to 

your particular need. Raytheon Company, 
CIRCUIT DIAGRAM shows Raytheon 


Voltage Regulating Transformer in Manchester, New Hamp shire. 
pical full-wave rectifier circuit. 
hree standard models with ratings 
up to 380 VDC 250 MA are im- 
mediately available from stock. 


The Raytheon Plate-Filament RAYTHEON COMPANY 
TRANSFORMER that 


THIS BOOKLET GIVES YOU COM- 
PLETE SPECIFICATIONS. For your 
copy plus a companion data booklet, 
write Raytheon, Manchester, N. H. 


Excellence in Electronics 
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MINIATURE TUBULAR 
TERMINALS—Save time and 
labor in printed circuit 

assembly. Snap in 
instantly and hold firmly 


until permanently soldered. 


RECEPTACLES AND 

CONNECTORS—Fit quickly 
and firmly. For use with 
Malco Tubular Terminals 
and for similar quick 
connect and disconnect 
applications. 


WRAP-A-WIRE 

TERMINALS—Quickly 
inserted. Exclusive staked 
clinch-type feature locks 
terminal firmly until 
permanently soldered. 


SOLDER LUGS AND 
INTERLOCK CONNECTORS— 
Especially designed for 
production line assembly 

operations. Interlocks 

are ideal for interlocking 
printed circuits or 
flybacks, as speaker lead 
connectors or as 
transformer mounting lugs. 


SPECIAL TERMINALS 

AND CONTACTS—Malco 
Manufacturing Company 
has complete facilities 
to furnish practically any 
design or construction to fit 
individual requirements. 


MALCOMATIC* MACHINES 
—Designed for high 
volume production, these 
machines automatically 
insert, crimp or stake. 
They pay for themselves 
in time and labor costs, 
greatly speed assembly. 


*Request Bulletin 581. Send 
b/p or specs and annual 
requirements for quote. 


megohms (linear taper); temperature 
range, —63 to +175 C; temperature 
coefficient, 250 to 500 ppm/deg C. 
Telephone Supply Corporation, Elk- 
hart, Ind. —>488 


HIGH-DENSITY 
RADIATION SHIELDING 


Type 1000 high-density metal is avail- 
able in spheres which can be poured 
like sand or pumped in a viscous solu- 
tion to fill a volume of any shape. 
Shields for radioactive materials may 
be formed at site, without machining 
or fitting. If container configurations 
are altered, spheres can be reused for 
shielding without melting or reshap- 
ing. Homogeneous alloy of tungsten, 
nickel and copper has approx 20 per 
cent better absorption properties than 
lead when used as a shield for 100 mev 
X-rays from betatron. Spheres can be 
used in temperatures to 400 C. Diame- 
ters of individual spheres are 46 to % 
in. Density, 16.7 to 17.0 gm/cu cm. 
Mallory Metallurgical Co., Div. of P. R. 
Mallory & Co., Indianapolis. —>489 


CONCENTRIC-SHAFT 
ROTARY SWITCH 


Miniature, instrument-quality rotary 
switches with dual concentric shafts 
are used in instruments, computers and 
other equipment. Total of eight switch 
decks may be ganged, with inner shaft 
controlling up to four of eight decks. 
Separate and entirely different switch- 
ing actions may be combined on the 
two concentric shafts. One set of decks 
may have 1114-deg indexing, the other 
221% or 30-deg indexing. Inner shaft 
may also be used to operate rheostats, 
potentiometers or variable capacitors. 


*Registered Trade Name 


4021 WEST LAKE STREET CHICAGO 24, “ILLINOIS 
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Up to 5 megohms in a %-watt resistor... 
and better operating 
characteristics, too! 


Only the 
WESTON 
VAMISTOR* 


offers performance like this! 


Here, at last, is a precision metal film resistor which offers 

substantial advantages over all other types—wire wound, 

deposited film, ete. Look at this list of VAMISTOR capabilities 

and characteristics: 

¢ VAMISTOR HANDLES HIGHER WATTAGES. Up to 8 full watts 
at 40 C for Model 9849-2. 

¢ VAMISTOR OFFERS HIGHEST RESISTANCE RANGES. For example, 1.5 
megohms in %4-watt size... 5 megohms, %-watt. 

@ VAMISTOR HAS OUSTANDING THERMAL CHARACTERISTICS. Runs 
cooler... resists thermal shock. Standard temperature coefficient 
doesn’t exceed 50 ppm/°C.—lower than Nichrome wire. Also avail- 
able with maximum of 25 ppm/°C. Temperature coefficients don’t vary 
over the resistance range. 

@ VAMISTOR OFFERS UNUSUALLY LONG SHELF LIFE, STABILITY. Exclu- 
sive process of fusing element to inside of steatite tube assures long 
life, improved resistance to all environmental conditions. 

@ VAMISTOR IS MORE RELIABLE; HAS GREATER MEAN-TIME-TO-FAILURE. 

e VAMISTOR PRODUCES NO CORONA; IS AS NOISE-FREE AS BEST 
WIRE-WOUND RESISTORS. 

e VAMISTOR OFFERS EXCEPTIONAL PERFORMANCE UNDER RADIATION. 

¢ VAMISTOR ACCOMMODATES HIGHER MAXIMUM CONTINUOUS WORK- 
ING VOLTAGES. 

@ VAMISTOR IS VIRTUALLY NON-INDUCTIVE. Capacitance characteristics 
are superior to all other existing resistors. 

® VAMISTOR IS SUBJECTED TO STRICTER QUALITY CONTROL THAN 
ANY OTHER RESISTORS. 

e THE VAMISTOR LINE CONFORMS TO MIL-R 10509C CHAR. C. Styles 
RN-65, RN-70, RN-75 and RN-80. 

For full information, contact your local Weston representative ... or 

write to Daystrom-Weston Sales Division, Newark 12, N. J. In Canada: 

Daystrom Ltd., 840 Caledonia Rd., Toronto 19, Ont. Export: Daystrom 

Int’l., 100 Empire St., Newark 12, N. J. 


WESTO 
Qed umetla~ 


WORLD LEADER IN MEASUREMENT AND CONTROL 
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TOROIDS 


For precision filters 
and magnetic amplifiers 
to pass most stringent 
environmental tests 
Tolerances to 0.1%, 


Keystone > WW. 


904-6 TWENTY-THIRD STREET UNION CITY, NEW JERSEY 


UNion 6-5400 
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DEVINE solves impregnating 
problems in electrical industry 


This compact installation is a 
Devine vacuum system desig 

to impregnate ignition coils and 
condensers 


PRECISION ® RELIABILITY ® QUALITY 


DEVINE 
EQUIPMENT OFFERS: 
Higher Electrical Tighter 
Efficiency Tolerances 
Longer Life No Danger of Hot Spots hd 
Improved Insulation Faster Production Time Impregnators 


Write for our new Cat- 
alog No.202—‘‘ Devine 
Vacuum Pressure 


Devine designs impregnating systems to meet any electrical industry problem, 
with any degree of automation. Send your samples to our Pittsburgh laboratories 
and let Devine engineers help you determine the type and size of impregnating 
equipment you require. 


et ines 


J.P. DEVINE MFG. CO. fier | 


49th St. & A.V.R.R. PITTSBURGH, PA. TTA LSS 


New York Office: 500 Fifth Ave., New York 36, N.Y. Phone: Wisconsin 7-7769 
Export Office: 50 Church St., New York 7, N.Y. Cable Address: ‘“‘Brosites”’ 
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Switches use multi-lead wipers, silver- 
alloy button contacts staked in glass- 
epoxy decks, nylon bushings and salt- 
spray-resistant hardware. Contact re- 
sistance, less than 0.002 ohm for over 
10,000 operations. Shallcross Manufac- 
turing Co., Selma, N. C. ->490 


VARIABLE PROGRAMMING 
CIRCUIT SWITCH 


Programming circuit illustrated is used 
to control and change the sequence of 
functions in automatic equipment 
where several functions must be per- 
formed in sequence. Rotary selector 
switch used in circuit is inverse-hom- 


TOGGLE SWITCHES HOLD-IN RESISTOR 





IMPULSE SWITCH 


D. C. SOURCE 





ing, tab-type. Control wafer, in con- 
junction with hold-in resistor, will 
cause selector to skip over unwanted 
positions when impulsed. Variations in 
positioning of selector accomplished by 
placing toggle switch between hold-in 
resistor and each homing contact. An 
open toggle switch permits selector 
to step past that position atuomatically 
when impulse switch is closed. G. H. 
Leland, Inc., 123 Webster St., Dayton 
2, Ohio. >49] 


SOLENOID-OPERATED RELAY 


Multi-pole, solenoid-operated, snap-ac- 
tion relay will contro! several circuits 
handling inductive loads. Relay SS- 
101 is available in contact arrange- 
ments up to 6PDT. Each snap action 
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this new TYPE 23 
UNIVERSAL ELECTRIC 


FRACTIONAL HP MOTOR 


packs greater power 
into a smaller motor 


handles jobs formerly 
requiring larger, more 
expensive units 


UNIVERSAL ELECTRIC announces a new 

4-pole, shaded pole fractional HP motor 

... the TYPE 23 ... which provides greater 

power than previous motors of larger 

dimensions. Available in sizes from 1/50 to 

1/12 HP. The improvements that have made this 
motor more efficient are newly designed laminations, 
improved rotor construction, improved material 
processing and the new, free-aligning 

Universal Bearing. 


This revolutionary new free-aligning Universal Bear- 
ing* eliminates fractional HP motor problems due to 
misalignment. It is always in balance and can adjust 
to shaft misalignment 100% of the time under any 
load conditions. Provides longer bearing life, better 
lubrication, easier starting and quieter operation. Now 


NEW, IMPROVED TYPE 118 being used in the new TYPE 23 and the redesigned 


FRACTIONAL HP MOTOR TYPE 118 UNIVERSAL ELECTRIC motors. 


ened wh end procieten bultt trom tt *PATENT APPLIED FOR 

materials, the redesigned TYPE 118 motor... available 

in sizes from 1/200 to 1/50 HP .. . is ideal for 

applications requiring maximum dependability and 

ae rit a. —) a the Write for complete information on UNIVERSAL ELECTRIC 
ventilators, valt heaters, tape recorders, refrigeration TYPE 118 and TYPE 23 fractional HP motors and the 
equipment, record players, pump units, ete. new free-aligning Universal Bearing. 


PRECISION ELECTRIC MOTORS 


EXECUTIVE AND GENERAL SALES OFFICES: OWOSSO, MICHIGAN, DEPT. 14 


a 
é UNIVERSAL ELECTRIC COMPANY 
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THERE ARE NO 
OTHER SPEED 
DETECTING 

SWITCHES LIKE 


ait TORQ 


SYNPROTEX 


TYPE | 


(AUTOMATIC) GOVERNS NAR- 
ROW SPEED BAND such as re- 
quired on computers, series wound 
motors, generators... 


TYPE Il 


(AUTOMATIC) DETECTS HIGH 
AND LOW LIMITS OVER WIDE 
SPEED BAND — Cuts out motor 
starting windings, protects furnace and 
electronic cooling blowers against 
over and under speed, maintains pro- 
per speeds of inter-related equipment, 
sequences equipment operations... 


TYPE Ill 


(MANUAL RESET) DETECTS A 
SINGLE SPEED —Safety device... 
used where mechanical resetting is 
desired. Can signal danger or automa- 
tically cut out operating circuit. 


TYPE IV 


HOUSED SWITCHES — Permits 
independent mountings, internally or 
externally, without design change. 
Standard housings accept any number 
of separate switches of any above 
type or combinations. Custom hous- 
ings on order. 


MULTI-TECTOR 


STANDARDS FURNISHED FOR 
SPEEDS FROM 0 TO 15,000 


TOLERANCES TO '/, of 1% 


GUARANTEED UNIFORMITY 


SINGLE DETECTOR 


TO DETECT SELECTED 
SPEEDS WRITE TO... 


“ORO 


ENGINEERED PRODUCTS, Inc. 


34 W. Monroe St. * Bedford, Ohio 
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contact is rated 10 amp. % hp, at 
125 volts a-c or 5 amp. % hp. at 
250 volts a-c. Either quick-connect or 
solder terminals available on both 
switches and coil. Operates in any posi- 
tion. Dimensions, 314 in. long by 1% 
diam. Warco Industries, Inc., 6625 Del- 
mar, St. Louis 30, Mo. ->492 


TERMINAL BOARD 
ASSEMBLIES 


Terminal boards, made to meet MIL- 
P-3115B Type PBE-P, are available in 
lengths from 2 to 12 in. Type 3101 


boards can be furnished with any 
number of terminals as required. Paper- 
base phenolic insulation plate is sup- 
plied in three thicknesses: 44, 34 
and ¥g in. Spacing between terminals 
is %g@ with 1 in. between terminal 
rows. Boards marked to meet customer 
specifications. National Tel-Tronics 
Corp., 52 St. Casimir Ave., Yonkers, 
ies —>493 


STRAIN GAGE CEMENTS 


Two epoxy cements for use with 
bonded filament strain gages have been 
announced. Epoxies are designated as 
EPY-150 and EPY-400, and have maxi- 
mum service temperatures of 150 F 
and 400 F respectively. Both types 
furnished in small plastic packs, each 
divided into two compartments con- 
taining liquid adhesive and activator. 
Cement is mixed by removing split 
metal pin which divides pack and 
kneading with fingers. Shelf life, 6 
months min. Baldwin-Lima-Hamilton 
Corp., Electronics & Instrumentation 
Div., 42 Fourth Ave., Waltham 54, 
Mass. >494 


MECHANICAL VARIABLE- 
SPEED DRIVE 


Variable-speed drive feature separate 
motor construction and horizontal as- 
sembly. Ratings are 1% to 30 hp at out- 
puts of 4660 to 1.2 rpm. Speed vari- 
ation, 2:1 to 10:1. Motor drives meet 


OMe ke 
of 18 nel 


taal 


Instrument 
semiconductors 


MCHA UA LH ens 


cal/ your 
stocking distributor 


SILICON RECTIFIERS 
SILICON DIODES 
GERMANIUM 
DIODES 


CALIFORNIA 
Newark Electric Co., 4747 W. Century Blvd. 
"Inglewood; Pacific Wholesale Co., 1850 Mis - 
sion St., San Francisco; Shanks & Wright, 
Inc., 2045 Kettner Blvd., San Diego; Valley 
Electronic Supply Co., 1302 W. Magnolia 
Bivd., Burban 
CONNECTICUT 
The Bond Radio Supply, Inc., 439. W. Main 
St., Waterbury 
DISTRICT OF COLUMBIA 
Silberne Industrial Sales Corp., 3400 Georgia 
Ave., NW 
ILLINOIS 
Merquip Co., 5904 W. Roosevelt Rd., Chi- 
cago; Newark Electric Co 
St., Chicago 
INDIANA 
Brown Electronics, Inc., 1032 Broadway, Fort 
Wayne; Graham Electronics Supply, Inc., 122 
8. Senate Ave., Indianapolis 
MARYLAND 
Radio Electric Service Co., 5 N. Howard St., 
Baltimore 
MASSACHUSETTS 
The Greene-Shaw Co., Inc., 341-347 Water- 
town St., Newton 
NEW YORK 
Hudson Radio & Television Corp., 37 W. 65th 
St., NYC; Sun Radio & Electronics Co., Inc., 
650 Sixth Ave., NYC 
OHIO 
Buckeye Electronics Distributors, 236-246 E. 
Long St., Columbus; The Mytronic Co., 2145 
Florence Ave., Cincinnati; Pioneer Electronic 
Supply Co., 2115 Prospect Ave., Cleveland 
: i OKLAHOMA 
Oil Capitol Electronics, 708 8. Sheridan, P.O. 
Box 5423, Tulsa 
PENNSYLVANIA 
D & H Distributing Co., 2535 N. 7th S8t., 
Harrisburg; Herbach & Rademan, Inc., 1204 
Arch 8t., Philadelphia 
WASHINGTON 
Seattle Radio Supply Co., 2115 2nd Ave., 
Seattle 
WISCONSIN 
Radio Parts Co., Inc., 1314 N. 7th St., 
Milwaukee 
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GENERAL INSTRUMENT SEMICONDUCTOR DIVISION 


NOW... 


10 AMPS inal AMP 


package! 


V0 


DIFFUSED 
HIGH POWER 
SILICON 
RECTIFIERS 


COMPLETE RELIABILITY AND TOP EFFICIENCY WITH 
LOW FORWARD DROP AND PIV UP TO GOOV... 


ABSOLUTE MAXIMUM RATINGS AG ett AG AG Ete AG AG tt pln 
(FOR 150° C. CASE 0512 1012 1512 2012 2512 3012 4012 501 Tih ay triumph asm ARERON PTR ACTMPAi Lal Ols een aa lel 


F AUTOMATIC rectifiers give you a smaller 
stud package with fen times the power 
you'd normally expect, and can 
ey ove] t Cem slen mae cen em eet a 
mairielie and eatin’ versatile they 
important need in the field of semi 
conductors. ¢ Osan elreae data sheets 


available upon request 





Semiconductor Division 


GENERAL INSTRUMENT CORPORATION 
65 Gouverneur Street, Newark 4, N. J. 


GENERAL INSTRUMENT CORPORATION INCLUDES F.W. SICKLES DIVISION, 
AUTOMATIC MANUFACTURING DIVISION. RADIO RECEPTOR COMPANY, INC 
wv AND MICAMOLD ELECTRONICS MANUFACTURING CORPORATION (SUBSIDIARIES) 


«? 


GENERAL INSTRUMENT DISTRIBUTORS: Baltimore: D & H Distributing Co. « Chicago: Merquip Co. « Cleveland: Pioneer Electronic Supply « Los Angeles 
Valley Electronics Supply Co., Burbank e« Milwaukee: Radio Parts Co., Inc. « New York City: Hudson Radio & Television Corp., Sun Radio & Electronic Co. 
Philadelphia: Herbach & Rademan, Inc. e San Francisco: Pacific Wholesale Co. « Seattle: Seattle Radio Supply ° Tulsa: Oil Capitol Electronics 
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JIC standards. Drip-proof, totally en- 
closed, explosion-proof, and variety of 


’ other special motors are available. 
® Sterling Electric Motors, Inc., 5401 

Telegraph Rd., Los Angeles 22, Cali- 
draftsmen can lead 


fornia. > 495 
° . TELEPHONE-TYPE RELAY 
a more upright life : 


Relays (4PDT) make over 150 million 


and do faster, operations with overtravel, contact gap 


and contact pressure within original 


better work! adjustment limits. Type LS can be 


Bruning's all-new Neoglide drafters literally help draftsmen straighten up 
and do faster, better work* They provide complete maneuverability on any 
board at any angle without adjustment! Reinforced U-beam construction 
assures rigidity, strength, and accuracy. Resistance-free movement of verti- 
cal beam and hidden counterweight provide fast “floating” action. Touch- 
control protractor head gives automatic, pin-point angle selection. Mail 
coupon, now, for straight facts about Neoglide savings. 


*Study of 300 draftsmen showed 35% savings in drawing time — 
1/5 the backaches —on vertical or near vertical boards. 





equipped with up to 20 contact springs. 
Standard sensitivity is 65 milliwatt 
per movable arm. Bifurcated contacts 
are rated 4 amp, 115 volts, 60 cps for 
resistive loads. Potter & Brumfield, 
Inc., Princeton, Ind. >496 


MODIFIED TEFLON FILM 


Teflon film for use in microwave wave- 
guide does not bulge, distort under 
pressure or leak. Radiation-induced 
graft copolymerization of 5-mil film 
provides material which is bondable 
with conventional adhesives, has a 
burst strength in excess of 30 psi, a 
tensile strength to 40,000 psi and 
elongation under 200 per cent. Graft 
process also reduces porosity of Teflon 
film. Process may be applied to Kel-F 
and other fluorocarbon films and 
shapes as well. Radiation Applications 
Inc., 370 Lexington Ave., New York 
7. mo ms ->497 


SMALL INDICATOR LAMP 


Microminiature lamp operates at less 
than 1.5 volts at 50 ma making it 
suitable for transistor circuits. Bulb is 


Charles Bruning Company, Inc., Dept. 11-WW 
1800 Central Rd., Mount Prospect, Illinois 
Offices in Principal U.S. Cities 

In Canada: 103 Church St., Toronto 1, Ont. 


Please send me more information about your new 
Neoglide drafters. 


Name : Title 
Compony ——____ 
CO 


City —______________ County __________ State 
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with crimp-type 


snap-locked contacts 


Snap-lock action of Burndy coax HYFEN 
connectors recommends them for 

many applications. Contacts may be installed 
OMe M AC MON ae tm aD 

iE) LOM Mel mee) a eel 

UAT tea eee CLO) sd 

in use in critical circuits 


ME7X es ' e CONNECT QUICKLY 
«+» Rack-and-panel Coax 3 ‘ ‘ : ...high speed tooling for 


HYFEN with one-piece 
die-cast shell and one- 
plece block. Mates with 

existing solder types. 


COAX MODULOK 
-»-Modular terminal 

block. Modules snap 
together or apart and 

are mounted on cadmium- 
plated steel track. 


volume production results 
in low installed costs. 


CONNECT EASILY 

+». snap-lock action and 
simple design with few 
parts make installation 
easy -tool crimps 
contacts in any 
circumferential position. 


CONNECT RELIABLY 
.».tool-controlied crimp 
provides strain relief 
for conductors, 
guarantees a uniform 
indent for measurable 
quality control. There is 
no heat to damage 
insulation. 


FOR OTHER REQUIREMENTS OR APPLICATIONS, CONTACT OMATON DIVISION 


«Norwalk, Connect. In Europe: Antwerp, Belgium Toronto, Canada 
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STRIPPIT UNITS 
... Stake nuts permanently 


with every press stroke ! 


STRIPPIT PIERCE NUT UNITS save operations, time 

and money in assembly panel production with single-stroke 
insertion of Fabristeel Multipierce Nuts* into sheet 

metal up to .125” thick. 

Permanent Fastening by an Exclusive New Process—as nut pierces 
stock, metal flows into nut shoulder slot, becoming an integral 

part of the stock. 

High-Speed—fast press setups, automatic feed of nuts to units 

for long, medium or short runs gets maximum production per press. 
Flexibility—Pierce Nut Units can be quickly press-mounted in 

any desired pattern, changed on short notice, re-used over and over. 


A Product of Fabristeel Products, Inc. 


- 
“> 
| a 


Each nut is its own punch, Die button causes material Simultaneous embossing 
a new ene each time to flow into nut slot for flush fastening 


WRITE FOR DEMONSTRATION on your press! The speed and simplicity of 
Strippit Pierce Nut operation has to be seen to be believed. Also request 
new catalog for complete specifications. 


WALES STRI PPIT inc. HoUoaitiE 


vz 


222 Buell Road, Akron, New York veraee 


In Canada: Strippit Tool & Machine Company, Brampton, Ontario 
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0.110 in. high with 0.050 in. diam 
and has two platinum leads extending 
from one end. Minitron Components 
Corporation, 67 Illinois Ave., Paterson, 
N.J. —>498 


COILED CORDS 


Self-retracting coiled cord uses paral- 
lel wiring method which prevents con- 
ductors from twisting or kinking inside 


outer jacket. Cords are made with 
tinsel or copper conductors and poly- 
vinyl chloride jackets. Cords available 
in 15 standard colors to match Tenite 
1 and 2 Series Chips. Color is integral 
part of PVC outer jacket. Patton- 
MacGuvyer Co., 17 Virginia Ave., Prov- 
idence 5, R. I. ->499 


LACQUERS FOR VACUUM 
METALLIZING OF 
POLYSTYRENE 


Lacquers for application before and 
after deposition of aluminum in vacuum 
metallizing of polystyrene provide 
abrasion resistance and eliminate em- 
brittlement and flake off. Base coat 
BC-107 is a heat-cured lacquer which 
will withstand solvent attack from top 
coat or dye bath. Top coat TC-101 
non-yellowing lacquer is applied after 
aluminum deposit. Both lacquers ap- 
plied by spraying, dipping or flow- 
coating. BC-107 is air dried for 10 to 
20 min prior to force oven drying at 
150 F for 1 or 2 hr. TC-101 is air 
dried for 10 to 20 min prior to force 
drying at 150 F for 1% hr. Schwartz 
Chemical Co., Inc., 50-01 Second St., 
Long Island City 1, N. Y. 500 


MINIATURE SPEED REDUCER 


Speed reducer illustrated is available 
in 34 ratios from 1:] to 27:1. Higher 
ratios up to 531441:1 available in 
longer units. Series 5A reducers han- 
dle 16 oz-in. of torque at the low- 
speed shaft. Speeds to 3600 rpm on 
high-speed shaft are possible. Case- 
hardened steel spur gears are 96 pitch 
and 20-deg pressure angle. Input, out- 
put and countershafts run in sintered 
nickel-silver bearing surfaces. Gears 
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NEW ALL-EPOXY 
MODULE PACKAGE 


designed for your specific application! 


Despite the many advantages of modules, their and heat. The pellet melts and cures, embedding the 
greatest virtue—the proximity of components—makes module and forming a single, epoxy-encapsulated 
them vulnerable to shorting and failures caused by unit of infinite insulation resistance and great 
vibration, low insulation resistance, humidity and mechanical stability. 
other environmental effects. There’s no glass-to-metal seal, no cracked glass, 
Now, thanks to the all-epoxy E-Pak encapsulation no weld contamination. Any type of metal may be 
system* you can eliminate these failures completely used for leads; dissimilar leads may be welded to- 
—and do it faster, cheaper and better! This simple, gether; threaded inserts and studs can be furnished 
mass production system contains three parts: (1) in the headers; shells are also available with female 
an all-epoxy header, complete with embedded leads plug tops. The entire system has met temperature 
and attached mounting board, (2) a molded, all-epoxy cycling of —55°C to +200°C, altitudes of 50,000 
shell (round or rectangular) and (3) pre-metered, feet, and the salt spray, vibration, fungus and hu- 
all-epoxy pellets. You simply attach the module’s midity requirements of Mil Std. 202A and Mil E-5272A. 
components to the mounting board, then insert the * Patents applied for. 


module and preformed pellet into the molded shell Write today for complete information. 


A DIVISION OF JOSEPH WALDMAN & SONS 
137 Coit Street, Irvington, New Jersey 
ESsex 5-6000 
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Molon 


fractional horsepower 


Motors 


Skeleton Types ¢ Gear Types 


We specialize in custom 
manufacturing all kinds 
of fhp motors. Whether 
you need skeleton types 
or gearmotors, standard 
or special, Molon can 
supply them fast and at 


er 7 low cost. Send for free 
descriptive circulars. 
M 0, lon Motor and Coil Corp. 


2432 WEST GEORGE STREET,CHICAGO 18, ILLINOIS 
Circle 281 on page 17 


sq] ‘ RIAL TERMINAL LUGS 
AND CRIMPING TOOLS 


SPEED INSTALLATION — REDUCE COSTS! 


INDENTED CRIMP 
FOR GREATER RESISTANCE 


TO PULL-OUT 
VOID FREE 


CONNECTION 


MONEY SAVER 


SAVE UP TO 15% 
WITH SHERMAN 


Write for FREE Sample 


| SHERMAN Le 


UNI-CRIMP A *. SHERMAN SHERMAN HAND CRIMPING TOOLS 
= “ ” 
( r yy ue r ST LUG Portable or bench mounted for fast, easy instal 


lation of money-saving Sherman terminal lugs 


H. B. SHERMAN MANUFACTURING CO., BATTLE CREEK, MICHIGAN 
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lubricated with MIL-G-3278 grease. 
Units mount in any position with shaft 
heights of 14 or 1% in. Weight, 214 oz. 
Metron Instrument Co., 432 Lincoln 
St., Denver 3, Colo. >501 


GENERAL-PURPOSE RELAY 


Model RG relay uses epoxy-bonded 
glass-fiber insulation. Unit is suited 
for use in industrial control and elec- 
tronic equipments. Available open or 
in dustproof enclosure with plug-in 


mounting. Relay can be supplied in all 
voltages up to 230 volts a-c and 110 
volts d-c. Standard contacts are fine 
silver rated 8 amp, with configurations 
from SPDT to 3PDT. Special alloy 
contacts available. Open model meas- 
ures 1% in. long, 1 in. wide and 16 
in. high. Artisan Electronics Corpora- 
tion, 171 Ridgedale Ave., Morristown, 
N. J. ->502 


EPOXY LAMINATING RESIN 


Epoxy resin is suitable for glass cloth, 
structural laminations and for elec- 
trical insulating purposes. EPOCAST 
28 plus Hardener 9012 (equal parts by 
wet) cured resin density, 1.21. Shore D 
Hardness (ASTM-D676) at 75 F, 
89/88: volume resistivity (ASTM- 
D150), 10!° ohm-cm at 210 F. Dis- 
sipation factor/dielectric constant 
(ASTM D150), 0.0041/3.3 at 60 cps. 
Pot life, 3 days approx at 75 to 80 
F. Recommended cure, 2 to 3 hr at 
250 F. Furane Plastics Inc., 4516 Bra- 
zil St., Los Angeles 39, Calif. >503 


SERVO-MOUNT 
POTENTIOMETER 


Precision wirewound potentiometer can 
be supplied in resistance values up to 
100 k ohms. It handles 3.5 watts of 
continuous power. Model 176 torque 
is less than 0.5 oz-in. per section in 
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any indentation on reverse side. 


NOVEMBER 1959 


CUT 


PRECISION 
PARTS COSTS 
AS MUCH AS 


ry 4- yA 


Transistor dome has .018 weld flange 
made from .013 stock, without showing 


improve quality at lower cost 


Increase production and speed 
assembly 


Eliminate screw machine costs 


Now a ball bearing race is being made for a 
textile machine by deep drawing 1050CR steel 
to .843 within tolerances previously believed 
impossible. Savings of 75% are reported and 
the 25% reject rate experienced when this part 
was made on screw machines was eliminated. 


This is only one of a host of examples where 
United’s specialized skill in metal forming pro- 
vides production economies on made-to-order 
eyelet-like and other metal specialties for 
many industries. 


Full stock thickness at top 
of draw on .018 brass case improved 
watch quality and saved assembly time. 


Deep drawn ball 
bearing race cuts 
costs 75% and 
eliminates screw 
machine operation. 
Concentricity held 
within extremely 
close tolerance even 
after heat treating. 


Spring for razor blade 

dispenser feeds automatically in 
high-speed soeernty machine. Spring 
steel properties are held during heat 
treating. Parts are produced free of 
burrs, without finishing. 


Special conveyor-type austempering fur- 
naces are used when required to produce uni- 
form toughness, with specified hardness. Parts 
are clean, free of quench cracks, and have mini- 
mum distortion. Call or write today for analy- 
sis and quotation on your most challenging 
problem. 


Spliced. 
UNITED SHOE MACHINERY 


CORPORATION 


INDUSTRIAL SALES DIVISION 
140 Federal St., Boston, Massachusetts 
Liberty 2-9100 


BRANCHES: 

Atlanta, Ga. « Chicago, Ill. » Cincinnati, Cleveland, 
Columbus, Ohio « Dallas, Texas « Harrisburg, Pa. 
Johnson City, N.Y « Los Angeles, Calif. » Lynchburg, Va. 
Milwaukee, Wisc. « Nashville, Tenn. « New York, N.Y, 
Philadelphia, Pa. « Rochester, N. Y. « St. Louis, Mo. 
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Heart of many a good product’s 
erformance is the “Diamond 

” switch or thermostat that 
gives positive, dependable con- 
trol over years and years of 
service. Simple in design, rugged 


in construction, “‘Diamond H’”’ 
controls make sense costwise. 


ROTARY SWITCHES 

Series 910, 390 and 240 switches 
provide a variety of circuit pos- 
sibilities with amperage and 
horsepower ratings surprisingly 
big for the small size of the con- 
trols. 390’s, for example, carr 

ratings to 25 A at 120/240 V, 
and 1 HP at 120 V, 2 HP at 240 
V, AC, but their bases measure 
only 14"x1%"x %”. Single or 
double pole, 2 to 12 positions 
with stops as required. Spindles 
may be extended through the 
back of the base to permit gang- 
ing of mechanical or electrical 
controls. 


SNAP-INS 

Develo first by ‘“‘Diamond 
H”’, “Snap-Ins’” make wiring 
and assembly a cinch. Single- 
pole and double-pole ‘‘single 
throw” toggle and momentary 
contact switches rated 12 and 
20 A, 125 V; 10 A, 250 V, AC. 
Horsepower ratings also avail- 
able. Matching pilot lights, con- 
venience outlets and intercon- 
necting load plugs... all in your 
choice of colors. 


THERMOSTATS 


Accurate calibration, consistent, 
low-differential and positive, 
over-the-center snap action are 
omen reasons why ‘“‘Dia- 
mond H”’ thermostats are chosen 
by makers of the most modern 
electric ranges on the market. 
Ratings to 25 A, 125/250 V, 
AC. Spindles and mountings as 
required. 

“Diamond H” engineers will be 
happy to work with you to de- 
velop special variations of these 
or other ‘Diamond H” controls 
to meet your specific require- 
ments. Ask for a free copy of the 
“‘Diamond H”’ Check List of Re- 
liable Controls. 


HART 


MANUFACTURING 
COMPANY 


211 Bartholomew Ave., Hartford, Conn. 
Phone Jackson 5-3491 
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standard construction. Potentiometer 
meets its specifications over —55 to 
-++-105 C ambient. Insulation resistance, 
100,000 megohms in standard unit. 
Meets or exceeds MIL-5272A and ap- 
plicable parts of JAN-R-19. Special 
version available with resistance tol- 
erance of +1 per cent, ambient tem- 
perature range from —65 to +150 C 
and insulation resistance of 500,000 
megohms. New England Instrument 
Co., 350 Main Street, Woonsocket, 
Rm. 4. >504 


TANTALUM SLUG 
CAPACITORS 


Style UC is rated for operation at 
ambient temperatures of 125 C. Both 
UB (rated for 85 C ambient) and 


UC slug capacitors exceed maximum 
vibration requirements (Grade 3, 5 to 
2000 cps) of MIL-C-3965B and pass 
50 g shock test in accordance with 
MIL-STD-202A, Method 205. Tantalum 
slug capacitors are offered in popular 
values. Ohmite Manufacturing Co., 
3638 Howard St., Skokie, Ill. ->505 


COLORED ZIPPER TUBING 


Colored zipper plastics tubing, to per- 
mit ready identification of cable, pipe 
or conduit, comes in red, white, green, 
yellow and blue. Where more elaborate 
color coding is required tubing may 
be ordered with contrasting color cen- 
ter sections. Zippertubing Co., 752 S. 
San Pedro St., Los Angeles. ->506 


DIGITAL SYSTEMS MODULES 


All-semiconductor line of digital mod- 
ules is suitable for use to 300 kc. Series 
300 module is a 5 x 6 in. glass epoxy 
printed circuit board. All boards have 
18-pin printed circuit tab with nickel- 
plated contacts. Modules include: 
crystal-controlled pulse generators, 
pulse delays, one-shot multivibrators, 

(Continued on page 293) 
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ALCOA ALUMINUM TEAMS NATURALLY 
WITH ELECTRICITY 


A NEW CONCEPT 


—first step to better coil design 


Manufacturers of electromagnetic equipment 
can reduce material and production costs now 
—by switching to ALCOA® Aluminum strip 
windings. Equipment designed with ALCOA 
strip is more compact, lighter in weight, and 
better able to dissipate heat than conventional 
wire. For information about recent ALCOA 
developments in this field and how they benefit you— please turn the page. 





NEW DESIGN CONCEPTS WITH ALUMINUM STRIP 


by Robert R. Cope, Aluminum Company of America, Pittsburgh, Pa. 


Light weight, better space factor, better heat dissipation, low 
voltage between turns, less point-to-point contact . . . these 
characteristics of aluminum strip have long intrigued designers 
of electrical windings. Today, this aluminum application is a 
practical reality 

Intensive research and testing by ALCOA have contributed 
to important technical breakthroughs. New techniques are 
solving problems relating to edge effect, joining and insulation. 

Recently, ALCOA purchased the transformer division of 
Automation Instruments, Inc., to perfect winding techniques 
and to produce prototype coils for customers’ evaluation. 
With this added facility, the electrical windings division of 
ALCOA Research Laboratories is equipped to wind coils from 
small solenoids up to distribution transformer sizes for test- 
ing by manufacturers—an important, new service for the 
electrical industry 


ALUMINUM’S NATURAL ADVANTAGES 


Aluminum weighs less. In general, an aluminum strip winding 
weighs only half as much as an equivalent winding of copper 
Based on equal current-carrying capacity, 0.48 pounds of 
aluminum replaces one pound of copper. (Figures are for 
61.0 per cent conductivity aluminum, 97 per cent conductivity 
hard-drawn copper.) ALCOA No. 3 EC alloy has been devel- 
oped expressly for electrical windings. Space factor of alum- 
inum strip can be 90 per cent and higher; for copper wire, 
55 per cent to 65 per cent is typical. Thus, although an alum- 
inum strip requires more conductor volume than a conventional 
wire winding, the total space occupied by each is about the 
same. Variations in space factor will depend on the strip-to- 
insulation thickness ratio 

Aluminum strip windings permit higher current densities 
because each turn has an outside radiating edge that provides 
effective heat dissipation. Layer-to-layer temperatures are 
constant; hot spots are virtually eliminated. The inner turns 
of a wire-wound coil cannot radiate heat as efficiently as the 
outer turns 

In most cases, aluminum strip windings can be manufac- 
tured at lower cost than equivalent wire windings. Aluminum 
strip lends itself to automation: new high-speed winding 
techniques have reduced fabrication costs by eliminating 
much of the hand labor necessary with wire 

Conventional wire windings require heavier insulations to 
withstand (1) abrasion during winding, (2) abrasion from 
point-to-point contact between turns, (3) layer-to-layer volt- 
age, which may be many times the turn-to-turn voltage. 
Aluminum strip insulation needs to withstand only turn-to- 


interleaving sheet-type insulation 
with aluminum strip. 


turn voltage because a single turn occupies the entire width 
of the coil. Thus, thinner and less abrasion-resistant insula- 
tions can be used, such as interleaved sheets of Mylar or 
Kraft paper . coatings of varnish, lacquer or epoxy 
anodized films or vitreous enamel. 

ALCOA has tested every known method of joining alumi- 
num. Some techniques proved impractical or costly. But 
successful joining has been accomplished with ultrasonic 
welding, high temperature soldering, shielded inert arc weld- 
ing, cold pressure welding, resistance welding and mechanical 
joining. Cold pressure welding is quite practical; joints have 
high strength and conductivity. Ultrasonic welding requires 
no heat, precleaning or flux; joints are made quickly between 
parts of different thicknesses, or of multiple thicknesses—and 
the weld can be made through many types of insulation. 

Where is the best application for aluminum strip windings” 
In power devices or electronic equipment, the economics of 
aluminum strip windings are indicated when customary wire 
sizes are 24 gage or larger. However, in many aircraft and 
missile applications, where weight is a critical factor, alumi- 
num strip is a natural application regardless of size. 

Here, at a glance, are the main areas of comparison: 


» 


PROPERTY COPPER WIRE ALUMINUM STRIP 


Weight (Ib/cu in.) 0.321 
Specific gravity 8.89 
Coefficient of linear 

expansion (/°C) 
Thermal conductivity 

at 20°C /watts/sq "| 

( in./°C 

Electrical conductivity 

at 20°C, per cent IACS 
Electrical resistance at 

20°C (microhms/sq in./ft) 
Temperature coefficient 

of electrical resistance 

at 20°C (/°C) 


Modulus of elasticity 


0.000017 0.000023 


9.7 - 10.0 6.0 
97 - 100 61.0 
8.40 - 8.14 13.14 
0.00392 - 


0.00381 
17 x 106 


0.00409 
10 x 106 


Atcoa Aluminum Electrical Windings will reduce your costs 
and improve your product. We'd like to prove it. Send your 
specifications to us and we will wind sample coils. Then make 
your Own test. 

ALUMINUM COMPANY OF AMERICA, 2260-L Alcoa Building, 
Pittsburgh 19, Pennsylvania. 


Versatile is the word for aluminum strip in electromagnetic equipment. The strip 
winding technique is applicable to a wide range of coil sizes and dimensions. 


Send for Alcoa's new 


yu ae as Conductor Selector 


cousucroe 
Seisctes cHane 


Chart, a convenient 
slide rule for convert- 
ing standard wire 


ALCOA 
ALUMINUM 


ALUMINUM COMPANY OF AMERICA 


sizes to equivalent 
strip conductor 





flip-flop, shift registers, binary 
counters, reversible binary counters, 
pulse sorters, pulse amplifiers, pulse 
standardizers and amplifiers (ground- 
ed-emitter, emitter-follower, __relay- 
drivers). Most modules are packaged 
5 stages per card. Optional features 
include input and output gating, neon 
indicators and amplifiers. ONE is —6.8 
volts, ZERO is 0 volts; flip-flops can 
drive 1 ma. Navigation Computer 
Corp., 1621 Snyder Ave., Philadelphia 
45, Pa. 507 


MODULAR ROTARY SWITCH 


Printed-circuit, manually operated ro- 
tary switch wafers can be removed and 
replaced without unsoldering or dis- 
assembly. Modular bank of 25 switches 


contains up to 500 separate switching 
circuits. Switching circuits actuated 
manually by rotary wheel giving visual 
digital indication of switch position. 
Dimensions are 34 x 154 in. for 10- 
position type and %¢ x 214 in. for 20- 
position type. Variations can be fur- 
nished. Chicago Dynamic Industries, 
Inc., Precision Products Div., 1725 
Diversey Blvd., Chicago 14. > 508 


STATIC POWER DEVICES 


Line of converters, inverters and fre- 
quency changers is available from 10 
va to 3000 va, 50 cps to 6 ke. and in 
single or three-phase models. Pro- 


duced in transistor and _ silicon-con- 
trolled rectifier units. Model 8251VT 
(illustrated) is a 100-va, 115-volt, 400- 
cps square-wave inverter, output fre- 
quency and voltage unregulated. Op- 
erates from input of 26-29 volts d-c in 
ambient of —54 to +71 C. American 
Electronics, Inc., 1025 W. Seventh St.. 
Los Angeles 17, Calif. >509 


(Continued on page 294) 
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“12 to 15 times 
longer die life’ 


CTD PRECISION CARBIDE DIES SPEED OUTPUT 
OF “FRANCEFORMER” 
LAMINATIONS 


Check the transformer on 
the next neon sign you 
see, and chances are it'll 
read “Franceformer’— 
trade mark of the France 
Mfg. Co. of Cleveland, O. This aggressive company 
supplies leading jobbers of neon signs throughout 
the country. For high-speed lamination produc- 
tion, France chooses CTD precision tungsten carbide 
dies. “CTD dies give us continuous production with 
far less downtime”, says Emil Olds, plant manager. 
“We get 12 to 15 times 
the die life at only 3 
times the previous cost.” 


YS 


Another example 

of the important 
production efficiency 
made possible by CTD 
precision craftsmanship 


_ means 
(leveians Too and le precision... 


Dies, Jigs, Fixtures and Special Purpose Tooling 


SW Shs 
Poon el T | d Die Co 
cro’s plant | Cleveland Tool an ‘ 


and . j 
facilities. 30510 Lakeland « Willowick, Ohio 
FREE! 
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APPLIANCE DESIGNERS 


Product design and development engineers are 
needed to help create a new line of household elec- 
trical appliances. 


Mechanical or electrical engineering training is desir- 
able, plus experience in design and development of con- 
sumer electrical appliances or in allied fields. Applicants 
should have a good working knowledge of materials, 
underwriter’s requirements, heating devices, tempera- 
ture controls, manufacturing methods and costs. 


Most important to success is creative ability and 
initiative. Advancement is limited only by ability and 


SQUIRREL-CAGE 
MOTOR STARTERS 


Type CYB is a magnetic-reversing, 
across-the-line squirrel-cage motor 
starter, Size 00, for 600-volt max, three- 


phase applications. Designed to provide 
full-voltage starting and reversing of 
motors, Series 6030 and 6031 starters 
consist of two mechanically interlocked 


performance in a company known for its pioneering 


4 . : stors each with no . 
research achievements for more than 100 years. three-pole contactors hm necmel 


ly open control-circuit interlock. Type 
6030 includes two thermal overload re- 
lays for removing motor from line. 
Clark Controller Co., 1146 E. 152 St., 
Cleveland, Ohio. >510 


VINYL ELECTRICAL 
INSULATION SLEEVING 


Resinite EP-93C transparent sleeving 
meets Revision B of Wright Air De- 
velopment Center Spec MIL-L-7444. 
Sleeving is flexible to —95 F, is fungus 
and corrosion resistant, and self-ex- 
tinguishing in 1 to 5 sec, depending 
on tubing size. Electric strength, 250 
= - to 340 vpm of wall thickness. Tensile 
strength change after 1 week at 158 
F, +5 per cent. Can be produced in 
variety of special colors with standard 
colors black, white and transparent. 
Sleeving available in sizes from 24 
AWG to 2% in. ID. Resinite Dept., 
Borden Chemical Co., 1 Clark St., No. 
Andover, Mass. >511 


HIGH-TEMPERATURE 
SOLENOID 


Solenoid will operate continuously at 
ambient temperatures to 1000 F. Sole- 
noid unit designed for strokes of 0.010 
to 0.060 in. At 0.10 in. stroke and 1000 
F, minimum force is 15 lb. Power 
source, 18 to 30 volts d-c. Coil resist- 
ance at 1000 F is 35 ohms. Available 
with standard or special mountings. 

(Continued on page 296) 


Our modern laboratories are located in the beautiful 
Finger Lakes Region. Outstanding recreational facili- 
ties and a culturally and socially attractive environment 
provide interesting and well balanced living. 


_ For full information, write to Mr. James L. Knapp, 
Staff Manager, Research and Development Division. 


CORNING GLASS WORKS 
Corning, N. Y. 





Here's BIG HELP IN 
TERMINAL WIRING! 


The New JONES 
FANNING STRIP 


Connections are made through Fanning 
Strip, on bench or anywhere apart from 
barrier strip, and quickly slipped into 
assembly. 


Designed for use with Jones Barrier Ter- 
minal Strips Nos. 131 and 142, for 1 to 
20 terminals. 


Simplifies and facilitates soldering. Insures posi- 
tive correct connections. Saves time. Ideal for 
harness or cable assembly. Strong construction: 
Brass terminals, cadmium plated. Heavy bakelite 
mounting. 


9-141 
—-— 
Barrier Strip 


Send for complete 
data on this new 
basic improvement! 





‘at. 
applied for 
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To simplify your power equipment design... 
REVERSE POLARITY TYPES... 


OPTIONAL MOUNTING STYLES... | 


Versatility... 


in 25 to 250 ampere 










Silicon Power Rectifiers 





VERSATILITY in types, ratings and mounting configurations, coupled with field 
proven reliability and high efficiency can add up to a simplified, more depend- 
able design for your industrial power rectifier equipment. Mechanical inter- 
changeability with other available types makes quick replacement possible, 
enabling you to benefit in performance from the advanced design, manufac- 
turing and test techniques developed to meet the most rigid military require- 
ments... now used in the production of all silicon power diodes! 


REVERSE POLARITY TYPES. In addition to optional base configurations, 
diodes are available in reverse polarity types, further simplifying stack con- 
struction — resulting in a smaller, lighter completed assembly. 


EXECUTIVE OFFICES: EL SEGUNDO, CALIFORNIA + PHONE OREGON 6-62861 + 

BRANCH OFFICE NEW YORK CITY AREA OFF 2€ h St., TRataigar 9 30 « NEWY 
5 W. Wacker Or., FRankiin 2-3888 « NEW ENGLAN 

Midway 9-1428 * M 1799 


4iGAN AREA OFFICE: 1 


NOVEMBER 1959 


CAGLE RECTUSA 





7 


International 


Bulletin 
SR-304 


Type Current Rating 


25 series 25 to 45 amps. 
45 series 45 to 150 amps 
70 series 70 to 250 amps 
Military types 35 amps 
(includes 1N412B) 


Complete assemblies utilizing these diodes are also available. 


Voltage Rating 


50 to 600vP IV 
50 to 800vPIV SR-300 
50 to 400vP IV SR-305 
50 to 1000vP IV SR-303 


You are invited to investigate increased efficiency and possible savings in 
space, size and weight these rectifiers can bring to your equipment. Samples 
for your own evaluation tests will be supplied upon qualification of your 
application requirements. Write today or contact our representative. 


s St., Syracuse, N.Y., HOward 3-1441 * CHICAGO AREA OFFICE: 
VANIA AREA OFF f suburban Saua Bidg., Ard re, Pa, 
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from SORENSEN: regulated 
plate and filament transformers 


a vital supplement to Sorensen’s complete line of voltage regulating transformers 


Three models of Sorensen voltage-regulated plate and filament transformers now 
provide a low-cost, compact way to protect critical industrial electronic, audio, video 
and instrumentation circuits against ‘‘line bounce’ and poor line voltage regulation. 

Sorensen MVRP’s easily replace most ordinary plate and filament transformers. 
They increase circuit reliability, extend component life by regulating 6.3 vac and 
5.0 vac filament voltages as well as plate voltage. Write for complete data. Sorensen 
& Company, Richards Ave., South Norwalk, Connecticut. 


ELECTRICAL SPECIFICATIONS 


Input, all models: 100-130 vac, 60 cps, single-phase. 
Regulation: All windings regulated +3.0% unless otherwise specified. 
Output voltage tolerance: +7.0% all windings. 


5.0 vac 


275vdeatSOma. | 2.5amps,ct | - 


385 vde at 110 ma. 
380 vdc at 250 ma. 


MVRP-70 
Two windings: 4.0 3.0 amps 
amps plus 8.0 

amps unregulated 


*Nominal value taken at output of type 5Y3GT rectifier for Models MVRP-40 and MVRP-70 and 
type 5U4GA/GB for MVRP-185, Regulated 5.0-volt filament winding for the rectifier tube must 
be used for +3.0% guaranteed regulation of plate voltage output. 


Separate capacitor furnished with each transformer. 
CUSTOM UNITS FOR SPECIAL REQUIREMENTS CAN BE SUPPLIED. 


S4 


A SUBSIDIARY OF RAYTHEON COMPANY 


CONTROLLED 
POWER 
PRODUCTS 


»-«. the widest line lets you make the wisest choice 
NEREM ‘59 Commonwealth Armory, Boston, Noy. 17, 18 & 19 
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Diameter, 1% in., weight, 1.3 Ib. 
Rocker Solenoid Co., Subsidiary of 
Telecomputing Corp., 140 No. Marine 
Ave., Wilmington, Calif. >512 


PRECISION WIREWOUND 


| RESISTORS 


Axial-lead, silicone-coated resistors are 
obtainable in standard sizes of 1, 2, 
3, 5, 7, 10, 15, and 20 watts. SAL 


/ i 


™~ 


series wirewound resistors range from 
1 to 90k ohms depending on size 
and wire used. Tru-Ohm Products Div. 
of Model Engineering & Manufactur- 
ing, Inc., 2800 No. Milwaukee Ave., 
Chicago 18, Ill. > 413 


GLASS MELAMINE 
LAMINATE 


Laminated plastic FF-60 is approved 
for Navy Type GME and will retain 
70 per cent of its electric strength after 
a 336-hr immersion in water at 50 C; 
it will retain 50 per cent after exposure 
for 1000 hr under the same conditions. 
Insulation resistance of laminate, 20.- 


| 000 megohms after exposure to 90 per 


cent RH for 96 hr. Formica Corp., 
Cincinnati, Ohio. >514 


| SILICON RECTIFIERS 


Power rectifier Style 20 is a fused alloy 
device designed for operation at cur- 
rent levels from 1 to 15 amp (single- 
phase half-wave average). Surge rat- 
ings, 90 amp average at 6 cps and 50 
amp average at 60 cps. PIV ranges 
from 50 to 400 volts in 50-volt steps. 
Temperature range, —65 to +175 C. 
Unit is mounted on “%e¢-in. hegagon- 
stud-type case with glass-to-metal seal 

(Continued on page 300) 


a emeel 


ELECTRICAL MANUFACTURING 





future. ~ 


‘ 


OMNI-' 
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Greater 
a Speed-Mut Pon +461 ‘ . . . 
Install it—forget it! Neon glow =. gl NSC? 3 Holding Power! 
pilot light assembly outlasts “~ » 2 
associated equipment— _ 


provides life in excess of Easier, 


25,000 hours under most T 7 

severe vibration and shock aes More Uniform 
conditions. Completely sealed 1.13/32" 

against ambient dust, or fa Automatic Assembly! 
moisture. Extremely low 

current drain. Available in 
wide range of models... Fast, simple, permanent mounting 


through single 2” panel hole. Speed- 
nut supplied for tool-less attachment. 


yre Nylon Body 


WRITE FOR COMPLETE TECHNICAL MANUAL Careful engineering and strict quality controls give 
AND OMNI-GLOW CATALOG... 


Industrial Devices Inc ELECTRIX Terminals greater holding power in use. 
y J 


DEPT. 11, EDGEWATER, NEW JERSEY 


ELECTRIX Terminals meet and surpass rigid elec- 
Circle 290 on page 17 


trical and physical characteristic tests. Tolerances, 


especialiy at critical crimping points, are precisely 


uniform. Supplied in continuous strip form for use 
Oo ibe HAR in dependable Electrix Automatic Attaching 
Machines, Electrix Terminals offer easier, more 

WAXES economical assembly. 


Electrix competitive prices 


COM POU N DS save you money. 


Extremely wide range of types, sizes and finishes. 


Zophar Waxes, resins and compounds eT ee 
to impregnate, dip, seal, embed, or pot 


electronic and electrical equipment or > 
components of all types, radio, tele- X 
vision, etc. 

Cold flows from 100°F. to 285°F. plain 


. 
or fungicidal. Corporation 
Special waxes non-cracking at —76°F. 


Let us help you with your engineering 


problems. ASHTON 
For immediate service contact: 
. E. Mayer, Sales Manager 
A. Saunders, Technical Director 


H. Saunders, Chemical Laboratories RHODE ISLAND 
Phone SOuth 8-0907 


} ZOPHAR MILLS, inc. 
Bele atk 
Brooklyn 32, N. Y. 
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FOR VOLTAGES UP TO 600... 


There’s a Safe and Dependable 
BUSS Fuse or FUSETRON Fuse 


to fit the needs of every user 


If you want to make safe protection REMAIN 
SAFE as well as REDUCE blowing fuses ... 


Use BUSS Fustats (have Type S base) 


FUSTATS like Fusetron Fuses 
have a dual-element and therefore, 


If you want Plug Fuses... 


Use BUSS Clear Window Plug Fuses 


Their one-piece body and 


“safety” design guarantees pro- 
tection. 

They are most convenient to 
use too, because real big windows 
and white backgrounds permits 
entire fuse strip to be seen. Even 
in poor light a blown BUSS fuse 
is easy to find. 


Ask for BUSS Bulletin WUS 


if you want to reduce blowing of Plug 
Fuses... 
Use FUSETRON 
dual-element Plug Fuses 


FUSETRON Plug fuses pro- 
tect like ordinary fuses against 
short-circuits and overloads — 
but unlike ordinary fuses they 
won’t blow on motor starting 
currents or other harmless over- 
loads. 


They are the type of fuses rec- 
ommended in the 1953 National 
Electrical Code. 


Ask for BUSS Bulletin TCPS 


FUSIESY 


A fuse has just one vital part — a thin narrow strip 
of fuse metal. When the heat of a short-circuit is 
applied, the fuse link must melt and open the circuit. 


The high speed operation of the fuse reduces to a 
minimum the danger of short-circuit damage to wiring 
and equipment. 


Fuses offer dependable protection over the years. 


stop needless blowing — and they 
do more. 

They have a type S base that pre- 
vents anyone from replacing them 
with a penny or substitute — or using 
a size too large to protect. 

FUSTATS fit standard plug fuse 
holders by means of an inexpensive 
adapter that locks in place and needs 
never to be replaced. 


Ask for BUSS Bulletin SCPS 


To protect motors and apparatus of 
voltages up to 125 against burnout... 


Use 0 to 14 amperes BUSS Fustats 


A FUSTAT of the proper size in- 
stalled to handle only the motor cur- 
rent will reduce to a minimum the 
chance of a motor burnout from an 
excessive over-current. In like manner 
it will protect solenoids, coils and 
transformers against burnout. 


FUSTATS have the same degree of 
Underwriters’ approval for both 
motor-running and short-circuit pro- 
tection as the most expensive devices 
made. They give all the protection it is possible to 
obtain with any device on the market. 


Ask for BUSS Bulletin SMPS 


- . . THE SAFEST AND MOST DEPENDABLE 


The fuse link is sealed in. Dust can’t get at it. 
Corrosion or oxidation can’t increase its capacity or 
lengthen its blowing time. 


There are no hinges, pivots or contacts to stick or 
get out of order. 


Millions of fuses have been in operation 30 years 
or more, because there has been no trouble on the 
circuits they are protecting and therefore no occasion 
to open. 


Play Safe! Iustall CUSS Fuses on 
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If you want fuses that — abolish all needless 


blows, stop overheating in panels and 


switches, protect motors against burnouts ... 


Use FUSETRON dual-element Fuses 


With rare exceptions, 
ordinary fuses or circuit 
breakers do not protect 
except against short- 
circuit but FUSETRON 
fuses provide TEN 
POINT protection. 


1. Protect against short-circuits. 

2. Protect against needless blows caused by harmless 
overloads. 

3. Protect against needless blows caused by exces- 
sive heating — lesser resistance results in much 
cooler operation. 


noi 


eames 


cee 


If you want Renewable Fuses... 


Use BUSS Super-Lag Renewable Fuses 


The big advantage of these 
fuses over all other renewable 
fuses comes from the prevention 
of useless interruptions of service 
caused by needless blows. 


The reason for this perform- 
ance is found in the de- 
sign of the fuse-case 
which assures good con- 
tact on the fuse link, even 
if the fuse is renewed by 
an inexperienced person 
— and by the time-lag 
built into the link that 
prevents the fuse from 
opening on motor start- 
ing currents or other 
harmless overloads. 


. Provide thermal protection — for panels and 
switches against damage from heating due to poor ts 4 
contact. a = if you want SAFE saasidinis on 
. Protect motors against burnout from overloading. = 
. Protect motors against burnout due to single loads above 600 and up to 
5000 amps... 


phasin A 
: Give DOUBLE burnout protection to large © Ca ee Tal - yg 7 
motors — without extra cost. = QES Use BUSS Hi-Cap Fuses 
. Make protection of small motors simple and in- = &§ om 
expensive. 
. Protect against waste of space and money — 
rmit use of proper size switches and panels. equipment and cuts down dangerous 
10. ae coils, transformers and solenoids against : shaman on transformers. 
urnout. = 
FUSETRON duel-element FUSES save you time ee 4 
and money because they are made to PROTECT — ss 
not to blow. 


Ask for BUSS Bulletin RCs 


On voltages up to 600, high speed op- 
eration on heavy shorts limits current to 
safe values. This minimizes damage to 


Ask for ie FIS 4 
USES rn Sia oA low values ... 


If you want )tnotan ples high fault current Use BUSS Limitron Fuses 


limitation ... The extremely fast opening _— 
7 teristics of these fuses prevent heavy 

Use Buss LOW-PEAK Fuses short-circuit currents from building up 

These fuses have current limiting / # under fault conditions. 

added to high ereene capacity e) Ask for BUSS Bulletin HLS 

and long oe ute moe » a8 Bessie rasa tei 

co-ordinated wit i-Cap 

ee een en ae aoe oe For protection of TV, Radio, Instruments, 


origin. ae F = Radar, Avionics and Electronic Equipment... 
ss ene ae Use BUSS and FUSETRON Small 


If | you all # Non-Renewable Fuses ... : Dimension Fuses 


Use BUSS One-Time Fuses : A complete line is avail- 
They save you time and 8 able. Madein Dual-element 
trouble because they get the / a (slow-blowing), Renewable 
same engineering care in Cay = and One-Time types in 
manufacture as do all prod- Y ss sizes from 1/500 ampere 
ucts carrying the BUSS g » Ee up. 
Trademark. s : aS ; And there is a companion 
esr antetn caesar : Ae line of BUSS Fuse Clips, 


to operate as intended under : Hold ve un “an . 
all service conditions. # olders to take them. 


Ask for BUSS Bulletin NCS Ask for BUSS Bulletin SFB 


PROTECTION YET DEVISED! 


Yet, after years of ee you can be sure the 
fuse will give the same safe, ndable protection 
if called — to open as it La on the day it 
was instal 


FOR MORE iINFORMA- 
TION ON BUSS AND FUSE- 
RON FUSES WRITE TO 
NO RECALIBRATION COSTS quataididantins tinancens 
When Fusetron fuses do blow, there is no recali- MCGRAW-EDISON CO. TRUSTWORTHY NAMES IN 


bration needed. As quickly as the fault in the circuit ST. LOUIS 7, MO. 
is corrected, you slip in a new fuse that has been ELECTRICAL PROTECTION 


CALIBRATED AT OTHE FACTORY BY ENGI- 
NEERS — a fuse that is as safe and dependable as 
the one that blew. 


THROUGHOUT THE ENTIRE 
Fursetrou Fuses Now! ELECTRICAL SYSTEM 
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HERMETIC 
AND 
OPEN MOTOR 
APPLICATION 
ENGINEERS 


Exceptional opportunities with 
highly important responsibili- 
ties are immediately available 
for experienced motor applica- 
tion engineers. Frequent high- 
level contact with major cus- 
tomers affords an ideal balance of 
both administrative and design 
supervision responsibilities. 


We prefer energetic, person- 
able electrical engineers with 
a minimum of four years ex- 
perience in application or motor 
engineering of either hermetic 
or open fractional horsepower 
motors. 


Emerson Electric is a nation- 
ally known leader and pioneer 
in its field since 1890—a dy- 
namic, expanding organization 
with a past full of progress and 
a future full of promise. As a 
medium-size manufacturer, we 
offer you unlimited opportuni- 
ties. Salaries are excellent plus 
extra benefits. Our beautiful 
suburban location is convenient 
to all the advantages that make 
up good, enjoyable living. 


If you want a challenge rather 
than a chore, a career filled 
with opportunity instead of a 
job — you owe it to yourself 
and your family to investigate 
these openings at once! Send 
complete resume, including 
salary requirements and photo 
if possible, to Mr. R. L. Middle- 
ton, Employment Manager. 





cap. Maximum height, 1%e in. Syntron 
Co., 490 Lexington Ave., Homer City, 
Pa. >515 


MULTI-TAPPED 
POTENTIOMETER 


Featuring taps set to +0.1 deg as close 
as every 5 deg over a 360-deg winding, 
units with multiple taps can be sup- 


plied in various diameters down to 1 
in. Resistance values to 50 k ohms 
depending on case diameter. Servo or 
special mountings with or without ball 
bearings can be manufactured. Tem- 
perature range, 50 to +-100 C am- 
bient. Meets salt spray, humidity, vi- 
bration and shock requirements of 
NAS-710. Precision Line Inc., 63 Main 


St.. Maynard, Mass. >516 


PRESSURE-SENSITIVE 
METALLIC PLASTICS 


Metallics in tape or sheet form are of 
Mylar backed by vinyl to provide body 
for overall material. A primer or tie- 
coat joins vinyl with adhesive. Used 
for name plates or decorative trim, 
metallic plastics are furnished in color 
tones such as gold, silver, chrome, cop- 
per or brass and embossed patterns 
such as basket, stain, pyramid, rib. 


diamond. tile and fluted rib. Decorative | 
Products Dept., Avery Label Co., 2123 | 
E. 9 St., Cleveland 15. Ohio. Pow | 


VENTILATING 
TUBEAXIAL FAN 


Air-moving unit 89B222 may be used 


for ventilating cubicles, racks and cab- 
inets housing electronic equipment. | 
| Mounted in open-type enclosure, unit 


has sleeve-type bearings and is pow- 
ered by Y%o-hp shaded-pole motor op- 


} erating on 115 volts, single phase, ® 50 


cps. At rated speed, fan delivers 450 








D-C 
POWER 


Precisely Regulated for 
Missile Testing and 
General Use 


CHRISTIE 


SILICON 
POWER 
SUPPLIES 


available in 30 standard- 
ized and militarized models 
from 30 to 1500 amps... 
6 to 135 volts. CHRISTIE’S 
QUALITY CONTROL is 
approved by the A.E.C., 
leading aircraft and missile 
manufacturers. 
Write For Bulletin AC-58-A 


CHRISTIE 


ELECTRIC CORP. 
3410 W. 67th Street 
Los Angeles 43, Calif. 
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AT IBM, RAPID RECOGNITION AWAITS those engineers who can 
improve computer manufacturing by applying new advanced tech- 
nological developments. Typical assignments now open include... 


Cost Estimators and Standards Engineers to estimate manufac- 
turing and engineering costs, develop estimating standards and 
write operation sequence sheets for the manufacture of compo- 
nents and subassemblies of complex data processing equipment. 


Quality Engineers to apply modern scientific and statistical en- 
gineering methods in reviewing designs and specifications used 
in the manufacture of advanced electronic computer systems; to 
analyze product specifications in order to generate quality speci- 
fications and design statistical quality-control methods. 


Test Engineers (Electronic) to plan and execute tests for the 
evaluation of electronic computer systems; to test computer sys- 


tems and recommend design and logic changes in order to 
improve system reliability. 

Semiconductor (Process) Engineers to develop manufacturing 
methods and techniques for production of transistors and other 
semiconductor devices. 


MANU- 
FACTURING 


Electromechanical Designers to design high-speed electro- 
mechanical devices. Work involves magnetic circuit analysis, de- 
sign of test circuitry, and vibration analysis. 


Careers available in these related fields: Advanced Automation, 
Industrial Controls and Manufacturing Research and Methods. 


Qualifications: B.S. or M.S. in Industrial, Electrical, or Mechani- 
cal Engineering —or equivalent industrial experience. 


Manufacturing facilities are located in Endicott, Poughkeepsie, 
Kingston, and Owego, N.Y.; Rochester, Minnesota; Burlington, 
Vt.; Lexington, Ky.; and San Jose, California. 

Write, describing background and qualifications, to: 

Mr. R. E. Rodgers, Dept. 551-K 

IBM Corporation 

590 Madison Avenue 

New York 22, New York 


INTERNATIONAL BUSINESS MACHINES CORPORATION 
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GENERAL CABLE 
the complete line of 


Long experience in the manufacture of magnet wire has enabled Genera! 
Cable to develop the industry's widest range of both returnable and non- 
returnable containers of all types. Designed to meet widely varying 
customer demands, they insure safe delivery and facilitate use of the wire 
at the lowest possible cost to you. No matter what magnet wire packag- 
ing problem you have, consult General Cable... they have the right 
packaging for you. 


STAR-PAK PAIL and DRUMS 
Non-Returnable, No Deposit 


#12 STAR-PAK pail, weight 75-100 Ibs., for size 15 
through 29 AWG. 

#30 STAR-PAK drum, weight 450-600 Ibs., for size 13 
through 22 AWG. 

#15 STAR-PAK drum, weight 200-300 Ibs., for size 13 
through 22 AWG. 

STAR-PAK pails and drums are palletized for ease of 

handling. 


SPOOLS and REELS 
New, Non-Returnable 


Rugged, plastic one-way shippers for finer size magnet 
wire, 31 through 44 AWG. Available in 6, 4/2 and 3” 
diameters. Hardboard 12” reel available for larger 
size wire. Both returnable and non-returnable 12” reels 
are palletized for shipment. 


| 
| 
| 
| 
| 
| 
| 
| 
| 
at 
I 
| 
| 
| 
| 
| 
| 
| 
| 
| 
I 


Payout Equipment General Cable also has available a com- 
plete line of accessories used in the take off of wire from STAR-PAK pails and drums 
or in spinning wire from reels and spools. 


GENERAL CABLE CORPORATION 
730 Third Avenue, New York 17, N. Y. 
Offices and Distributing Centers Coast-to-Coast . 


for quality and service 
--- Specity asi 
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cfm of air at zero static pressure and 
100 cfm at 0.22 in. approx. Air unit 
installs in 9-in. circular opening with 
114% x 11% in. mounting plate. Amer- 
ican Radiator & Standard Sanitary 
Corporation, Industrial Division, De- 
troit 32, Michigan. >518 


MINIATURE WAFER 
CAPACITORS 


Glass wafer capacitors, designated W-] 
through W-5, are made with capaci- 
tance from 1 to 10,000 picofarads* 
at 300 volts. They operate at tempera- 
tures from —55 to +125 C at full volt- 


age rating. Wafer capacitors offer large 
capacitance-to-volume ratio. Units meet 
operating requirements of MIL-C- 
11272A. Available with folded tab leads 
which may be soldered directly into 
circuits or connected with fine wire. 
Capacitors range in size from 0.281 x 
0.218 in. for W-5 to 0.531 x 0.812 in. 
for W-1. Thickness is 0.060 to 0.090 in. 
Electronic Components Dept., Corning 
Glass Works, Bradford, Pa. >519 


TIME-DELAY RELAY 


Time-delay relay using solid-state com- 
ponents is available in six models, 
providing three time-delay ranges and 
tolerances in either of two types of 
operation. Model EL102 is NC opera- 
tion, opens at end of delay period, and 
uses power only during actuation and 
delay period. Model EL101 is NO and 
closes at end of relay period. Three 
ranges and tolerances include: general 
purpose, 0.05 to 950 sec, 20 per cent 
accuracy; special purpose, 0.05 to 90 
sec, 10 per cent accuracy; precision, 
0.30 to 60 sec, 5 per cent accuracy. 
Unit weighs 4 oz. Standard operating 

(Continued on page 306) 


“a” EvgcrnicaL Manuracturinc, September 1959, 
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Shown above are some of the many 
Rogan knobs available from pene eS 
stock molds. Fast delivery. OM STOCK MOLDS 
Special shaft holes at nominal cost. OR 
Send for details and catalog. CUSTOM MOLDED 


ROGAN : a 
BROTHERS WoRwac 


8027 N. Monticello * Skokie, Illinois 


AMERICA’S FOREMOST MOLDERS AND BRANDERS OF PLASTIC KNOBS 
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Have you discovered 
the new 
PRODUCT INDEX? 


It starts on page 366 — just preceding the 
Index to Advertisers. 


This new Product Index answers a continu- 
ing need, expressed by many readers of ELEC- 
TRICAL MANUFACTURING, for a quick method 
of extracting information relating to any 
material, component or equipment discussed 
in either the editorial or advertising pages. 


The listing arrangement emphasizes brev- 
ity. It follows the same library-based subject 
classification system which was originally de- 
veloped for the ELECTRICAL MANUFACTURING 
Annotated Editorial Index. 


Get acquainted with this new reference tool. 
It can save time in your data researching. 
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Instant Fingertip Setting... 
For 0 to 120 Second Delays 


With the FR’s simplified design 
—large 1" 60-point notched 
dial and simple indicating lever— 
you can set up any desired time 
delay instantly. No nuts or set 
screws to loosen. Four adjustable 
ranges provided: 0 to 15, 0 to 30, 
0 to 60 and 0 to 120 seconds. Other 
types available with delays in any 
time range. 
Precision synchronous motor 
drive assures extremely accurate 
timing and positive action. Unit is ready- to- mount 
with all components assembled on compact bracket. 
Operates from any standard voltage source, handles 
up to 20 amps., 480 V. non-inductive. 


Request details today! Write on company letter- 
head for complete 64-page catalog describing 
automatic transfer and remote control switches, 
magnetic contactors, program clocks and tim- 
ing controls. 


See Classified Directory for Name of Local Representative 


15 2 WEST WALTON STREET - CHICAGO 10, ILLINOIS 
Circle 298 on page 17 


Quenches the Arc 
Non Tracking 
Trouble Free 


Made by the Dry Process Method 
using steel molds to form the 
snuffer which is matured 

at 2250° F. 


New Jersey 
PORCELAIN 


COMPANY 


Subenit New York Ave. and Plum St., 
drawings P.O. Box 908, Trenton 5, N.J. 
and models 

for 

quotations 
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A simple phone 


How to contact your 
Doehler-Jarvis Resident Engineer 


%* PLANTS AND SALES OFFICES 


TOLEDO 1, OHIO POTTSTOWN, PENNSYLVANIA 
1945 Smead Avenue Apple & Washington Streets 
CHerry 4-9521 FAculty 3-1100 


GRAND RAPIDS 2, MICHIGAN BATAVIA, NEW YORK 
525 Cottage Grove Street, S.E. Robertson Street 
CHerry 5-1191 FIllmore 3-3000 


| | SALES OFFICES 


NEW YORK 6, NEW YORK NORTH HAVEN, CONNECTICUT 
111 Broadway 1031 Hartford Turnpike 
REctor 2-9400 CHestnut 8-7188 


CHICAGO 44, ILLINOIS DETROIT 11, MICHIGAN 
5711 West Chicago Avenue 3501 Griffin Street 
HArrison 7-5394 TRinity 1-4958 


NEEDHAM 94, MASSACHUSETTS (BOSTON) 
18 Longfellow Road Hlilcrest 4-4819 


@ MANUFACTURERS’ REPRESENTATIVES 


PHOENIX, ARIZONA MINNEAPOLIS, MINNESOTA 
McDonald Industrial Sales, Inc. Hamilton & Bayle Associates, Inc. 
3300 N. Central Avenue, Room 222 3359 Republic Avenue 

AMherst 5-1950 WEst 9-7891 


LARGO, FLORIDA FORT WORTH 2, TEXAS 
Missile and Electronic Systems Donald P. Strauss 
Components, Inc. (MESCO) 901 West Vickery Boulevard 
2617 Jewel Road, P.O. Box 828 EDison 2-1749 

JUniper 4-1171 


EL SEGUNDO, CALIFORNIA (LOS ANGELES) 
Miner and Associates, Inc., 115 Main Street 
EAstgate 2-5656 


Doehler-Jarvis 


Division of 


a NATIONAL LEAD COMPANY 


4} General Offices: Toledo 1, Ohio 
wee In Canada: 
* Barber Die Casting Co. Limited 


Hamilton, Ontario 


cal 


and/or sub-assembling the finished parts... 


Never has 
as satisfactory 


As the pictures above imply . .. Doehler- 
Jarvis makes the buying of die castings 
a simple matter today. 


First, you deal with a Doehler-Jarvis 
Resident Engineer. Through him you 
can tap the full production and engi- 
neering talent of the most experienced 
company in die casting . . . no matter 
how large or small your requirements. 
Through him you obtain personal day 
to day liaison that insures maximum 
production economy through personal 
attention to your needs and problems. 
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You get immediate help in engineering the design. . 


using the most appropriate die casting alloys. 


%& PLANTS AND SALES OFFICES 
(1) SALES OFFICES 


@ MANUFACTURERS’ 
REPRESENTATIVES 


Large, fully-equipped Doehler-Jarvis plants... 


. and evaluating the economics of die casting. . 


plating or otherwise finishing... 


assure economical production, reliable delivery. 


the buying of die castings been as simple or 
as Doehler-Jarvis makes it today! 


Second, in addition to the castings 


themselves, Doehler-Jarvis provides 
added resources you may need: ample 
alloy stocks; fully equipped die making 
shops; complete facilities for light metal 
working, including machining, finishing 
and sub-assembly lines; spacious die 
and parts storage; a huge tractor-trailer 
fleet to assure delivéry. 


Thirdly, you can be sure that Doehler- 
Jarvis has in its eight plants, the pro- 
ductive capacity to meet your schedules 
no matter how large ... and a flexible 
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organization to give them proper atten- 
tion no matter how small. 


Small wonder that many companies, 
large and small, look upon Doehler- 
Jarvis almost as a department of their 
own plant. That’s true of makers of hand 
power tools, of floor waxers, of sprin- 
klers and garden hose fittings, of chain 
saws, of typewriters, of kitchen and 
other appliances, of hundreds of other 
products. 


Doehler-Jarvis has served many com- 
panies for more than a quarter century, 
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some for better than 50 years. Proof 
enough that no other die caster provides 
more quality, more service and more 
overall economy to the customer. Ask 
your Doehler-Jarvis Resident Engineer 
to tell you how much we are prepared 
to do to establish equally satisfactory 
supplier-purchaser relations with you. 


Doehler-Jarvis 


Division of 


NATIONAL LEAD COMPANY 
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CONTINUES TO 


ammmmmmms §=Write for free VECO literature No. SE101. 


/ 7% « DESIGNERS’ an 


EXPERIMENTORS: KITS 


MAKE GREAT ADVANCES! 


There's nothing else like these kits for practical 
aid to designers and experimentors ! 


VECO DESIGNERS’ KITS 
Three thermistor kits and one varistor 
kit include units covering a wide resist- 
ance range and physical size. 


Thermistor Kit KP50, probe type... ... 
Thermistor Kit KD25, disc type....... $ 
Thermistor Kit KR75, rod type........ 
Varistor Kit KV100 


VECO EXPERIMENTORS’ KITS Designed to acquaint the experimentor, technician, 
engineer or designer with a wide variety of VECO thermistor and varistor applications. 


M 168 — $5.00* M 168A — $10.00* 


VECO TAP-A-THERMS (Pat. applied for) A versatile single thermistor unit with a multi- 
plicity of tapped resistance values for experimentation with thermistor parameters, variable 


range temperature compensation, and many other uses. 
Cataloged in EEM Sec. 4700 


and Radio Master. 
109 Springfield Road, Union, N. J. 


ENGINEERING CORPORATION MUrdock 8-7150 
*Prices post paid are for continental U.S.A. and are subject to change without notice. 
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for every lacing need... 


BEN-HAR LACING TAPES 


BEN-HAR DACRON® - excellent di- 
BEN-HAR “TEFLON® GLASS’ —fibers mensional stability and heat resist- 
are Teflon coated before braiding ance. Available plain, waxed, or 
for unique non-slip action. Knots synthetic rubber treated. 
hold. No heat shrinkage. Chemically BEN-HAR NYLON -meets Gov. Specs. 
inert. Flame-proof. Non-absorbent. MIL-T-713A. Flat braided nylon 
Color fast. Practically indestructible. available in same finishes as above. 


BENTLEY, HARRIS 


WRITE FOR SAMPLES AND PRICES 


Sterible INSULATIONS 


Bentley, Harris Manufacturing Co., 1100 Barclay St., Conshohocken 2, Pa. 


Circle 302 on page 17 





voltages are 24-31 volts d-c. Standard 
contact resistive load is 2 amp. Geo. 
Harmon Co., Inc., 18232 Parthenia St., 
Northridge, Calif. ->520 


MILLION-POSITION ENCODER 


Model CG-704 geared encoder assem- 
bly uses three shaft-position encoders 
and two gear boxes. Encoder used on 
input shaft provides 1000 positions of 


rotation; encoder disk is coupled di- 
rectly to input shaft for +1-count ac- 
curacy. This input unit is geared 100:1 
to 100-position encoder which is geared 
to 10-position encoder. One thousand 
revolutions required for full-scale out- 
put. Low inertia reflected back into 
driving system. Size, 3 in. diam by 5 
in. long (exclusive of shaft). Operates 
at temperatures from 32 to 150 F. 
Datex Corp., 1307 So. Myrtle Ave., 
Monrovia, Calif. +521 


SIZE 18 SERVOMOTOR 


This 115-volt, 60-cycle Size 18 servo- 
motor weighs 15 oz with completely 
encapsulated windings and _ stainless 
steel housing. Model 18-SM-691 can be 
wound for any standard carrier volt- 
age supply and requires power input 
of 9 watts/phase with 0.64 power 
factor. No-load speed, 3200 rpm; tor- 
que at stall, 4-o0z-in.; acceleration at 
stall, 70,000 rad/sec*. Will operate 
continuously at stall to unit tempera- 
tures of 200 C. Helipot Div., Beck- 
man Instruments, Inc., 2500 Fullerton 


Rd., Fullerton, Calif. >522 


HIGH-POWER SILICON 
TRANSISTORS 

Type 2N1069 and 2N1070 diffused- 
junction, n-p-n transistors are rated 
50 watts at 25 C mounting flange tem- 
perature and are suitable for operation 
in range of —65 to 175 C. Maximum 
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AN EFFECTIVE MATERIAL 
Copper has more “firsts” than perhaps any 
other metal for the electrical industry. It rates 
a “First” for both electrical and thermal con- 
ductivity, corrosion resistance, easy workability 
and joining as well as lifetime beauty where 
appearance counts. These “firsts’”’ permit you 
material savings through efficiency. 


MORE FOR LESS 


Copper now competes pricewise very effec- 
tively with less capable metals. You can now 
afford to abandon all substitutes and build into 
your products the effectiveness and superior 
quality of copper. Less copper does more at 
a saving. 


DEPENDABLE SUPPLY 


Once you design for copper you should know 
that Hussey Copper offers you a dependable 
supply direct from the mill in large quantities 
in key cities. No downtime or delays to cost 
you money. 

To be sure . . . make sure it’s Hussey Copper. 


COPPER PRODUCTS 


Sheets * Strip * Rolls * Wire * Tubing * Pipe * Rounds 
Squares * Hexagons * Copper Roof Drainage Products 
Copper Building Products 


c.G. HUSSEY & CO. 
(Division of Copper Range Co.) 
Rolling Mills and General Offices 
PITTSBURGH 19, PA. 


7 CONVENIENT WAREHOUSES 


es # PITTSBURGH (19) CLEVELAND (3) CINCINNATI (37) CHICAGO (18) 

| 2850 Second Ave. 5318 St. Clair Ave. 1045 Meta Drive 3900 N. Elston Ave 
ST. LOUIS (1) PHILADELPHIA (30) NEW YORK, LONG ISLAND CITY (6) 
Globe Democrat Bldg. 1632 Fairmount Ave. 34-39 Thirty-first St 
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CONVERTS LINEAR SOLENOID THRUST 
INTO ROTARY TORQUE 


A ROTARY SOLENOID 


MODEL R133 NOMOGRAPH 
FOR DETERMINING MINIMUM AVERAGE TORQUE 


pert 


Lala hdehiiligheseade ddd ld 
DEGREES ROTARY STROKE 


NOTE: The output torque curve may be varied providing the 
area under the desired torque curve, when superposed on above 
nomograph, does not exceed the area under its minimum average 
torque rectangle. This torque rectangle is formed by perpendicular 
lines to torque and stroke axes from junction of degrees stroke line 
and duty cycle curve. EXAMPLE: 30° rotary stroke at 50% duty 
cycle produces a minimum average torque of 1.9 Ib.-in. 


FEATURES 


@ NO AXIAL MOVEMENT OF OUTPUT SHAFT 
@ THRUST BALL BEARING PROVIDES NEGLIGIBLE SIDE LOAD EFFECTS 


@ EXTREME LONG LIFE ASSURED WITH HARDENED TOOL STEEL 
MOTION CONVERTER 


@ AVAILABLE WITH HIGH STARTING, HIGH ENDING OR RELATIVELY 
UNIFORM TORQUE 


@ 15° to 60° ROTARY STROKES AVAILABLE 
@ PRECISION MACHINED THROUGHOUT 


@ DESIGNED TO MEET STRINGENT MILITARY AND AIRCRAFT REQUIRE- 
MENTS 


ro 


Further details from: 


ROLENOID, INC. 
1732 West Slauson Ave. 


Los Angeles 47, California 
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collector current is 4 amp. Maximum 
saturation resistance for 2N1070 is 0.67 
ohm at collector current of 1.5 amp. 
Typical applications are: relay re- 
placements and controls, solenoid ac- 
tuators, power converters, power 
switches, power supply regulators, 
and Class A and B power amplifiers. 
Silicon Transistor Corp., Carle Place, 


Pay es +523 


MINIATURE FLEXIBLE 
COUPLINGS 

Flexible couplings as small as 0.125 
in. OD by 0.245 in. length overall are 
used for servo and computer applica- 


pry 

4 ’ ’ 
tions. Bellows-type couplings are sup- 
plied in torques from 0.1 to 250 in.-oz; 
side thrusts from 1 gm at 0.005 in. off- 
set; twist angles less than 0.3 deg in 
all sizes up to 1 in. OD. Servometer 
Corp., 222 Main Avenue, Passaic, 
N. J. >524 


MICROWAVE 
TUBE-COOLING SYSTEMS 


Hydraulic cooling systems employing 
fluorochemicals are custom-designed for 
traveling-wave tube, magnetron, klystron 
and solenoid cooling applications. 
Chemical is circulated around tube 
whose temperature is to be stabilized. 
Industrial Control Products, Inc., 12 


Clinton Road, Caldwell, N. J. > 525 


GENERAL-PURPOSE RELAY 

Miniature 6PDT hermetically sealed 
relay Style 520 meets MIL-R-5757C; 
MIL-R-25018; MS24115-6, Class B, 
Type II, Grade 3. General characteris- 
tics for 26.5-volt operation are: nomin- 
al coil resistance, 240 ohms at 25 C; 


t 
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Naugatuck PARACRIL OZO 


THE OIL-RESISTANT, OZONE-RESISTANT NITRILE RUBBER 


~ 


~~ 


Need color in a weather-resistant rubber product? 


PARACRIL” OZO will give you all the color you want...any 
color...permanent, gleaming color for every kind of rubber 
product, from electric wire to oil pump hose to shoe soles. 
Now you can give your product powerful extra selling 
features ...color that attracts, that warns, that identifies, 
that helps emphasize or hide. 
Along with color, PARACRIL OZO gives you a combina- 


C9 


ta 
Aa 
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Rubber Chemicals - Synthetic Rubber - Plastics - Agricultural Chemicals - Reclaimed Rubber - Latices 


CANADA Naugatuck Chemicals Division, Dominion Rubber Co, Ltd, Elmira, Ontario 


tion of weather resistance, abrasion resistance, oil resist- 
ance, flex life and other valuable rubber properties far 
surpassing conventional weather-resistant rubbers. 

See if your product doesn’t call for PARACRIL OZO. 
To find out more about this proven new rubber and the 
properties it offers your product, contact your Naugatuck 
Representative or write us today. 


Mm Naugatuck Chemical 


m Street 


Division of United States Rubber Company Nevostuck, Connecticut 





CABLE Rubexport, WY 


Measures 
Precise 


ek 
Voltage & 
Aa 


A Self-Contained Laboratory Standard Facility 


The Model 1605 AC-DC Calibration/Transfer Standard is a 
multi-function instrument capable of measuring AC and DC voltage 
and current up to 1500 volts and 15 amperes. It includes a precision 
four-digit readout potentiometer, laboratory standard cell, precision 
voltage multipliers, precision shunts hermetically sealed in oil, light 
beam galvanometer, AC monitoring meter, thermal converter and 
all necessary batteries and controls. DC measurements utilize the 
potentiometer or the potentiometer in conjunction with the voltage 
multipliers or shunts. For AC measurements the potentiometer and/ 
or multiplier-shunt arrangement is used with the compensated AC- 
DC transfer element. 


SEND 
FOR 
TECH. 
DATA 


For additional informa- 
tion, including applica- 
tion data, write of 
phone DE oe. oS 
onstrations available 


by local representatives. 


LIMIT OF ERROR 
0.05% with correction factors; 
0.1% direct reading. 
0.065% with correction factors; 
0.13% direct reading. 
(AC accuracies are to 50 kc 
on most ranges.) 


For Owners of the 
RFL Model 829 AC-DC 


Instrument Calibration Standard 


The Model 1605 may be used in con- 
junction with the Model 829 to calibrate 
instruments having greater accuracy re- 
quirements than that supplied by the 

Model 829 alone. The Model 1605 may also be used to cali- 
brate the Model 829. The 829/1605 combination provides 
a calibration system which will handle your requirements, 
for current and voltage measurements to an accuracy of 
better than 0.1%, from DC to 400 cps. 


Performance is rigidly guaranteed. 


Price is net, f.0.b. Boonton, N.J. 
and subject to change without notice. 


TALC edad 


LABORATORIES, ie 
Boonton, New Jersey, U.S.A. 


Circle 306 on page 17 


minimum contact pressure, 25 gm for 
NC and 35 gm for NO; contact gap, 
0.010 in.; operating time, 10 millisec 
pull-in and 7 millisee drop-out; tem- 
perature range, —65 to -+-125 C. Price 


Electric Corp.. Frederick, Md > 526 


TWO-SPEED SYNCHRO 


One of two electrical outputs from 
single-shaft unit is used for shaft- 
position data transmission. Synchro 
stator contains two separate windings: 


one set produces normal signal pattern 
of one cycle of output voltage while 
other produces 11 cycles for each shaft 
rotation. Coarse or fine output can be 
selected through switching system lo- 
cated outside unit. System error can 
be held to 1.4 minutes or less. Signal- 
to-null ratio, 350:1.  Eclipse-Pioneer 
Div., Bendix Aviation Corp., Teterboro, 


mc es 527 


MINIATURE PUSHBUTTON 
SWITCH 


Model 425-1 momentary contact, NO 
single-pole switch is 29/32 in. long 
overall, including terminals. Contact 
rating is 42 amp at 115 volts a-c. Con- 
tacts are silver plated. Nipple mount- 
ing with %4-32 thread is standard. 
Terminals are solder-type only. Alcor 
Manufacturing Co., 4444 W. Roosevelt 
Rd., Chicago 24, Il. >528 


SINGLE-SOLENOID 
4-WAY VALVE 


Solenoid valves in two standard pipe 
sizes have been introduced in three 
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For advanced fuel...hydraulic...lube systems, 


New materials prove ideal in handling 


temperature extremes —350° F. to +750° F. 


Working with two remarkably versatile elasto- 
mers, C/R Sirvene engineers are producing flexi- 
ble molded parts for many vital fuel, lubricating, 
hydraulic and pneumatic systems. One, Viton-A*, 
can be compounded to produce parts that func- 
tion dependably at 600° F., and for short periods 
up to 750° F. The other important feature of Viton 
compounds is their excellent resistance to cor- 
rosive chemicals, chlorinated solvents as well as 
both synthetic and petroleum base fuels and lubes. 
At the other extreme, C/R compounded Silastic 
LS-53** parts are providing low temperature op- 
eration down to -80° F. They also exhibit excel- 


* DuPont registered trademark 
**Dow-Corning registered trademark 


lent resistance to synthetic and petroleum base 
fluids up to 350° F., and function well in propane 
up to 500° F. For temperatures as low as -350° 
F., C/R recommends Teflon* compounds. 


C/R Sirvene engineers have an intimate knowl- 
edge of these elastomers. They also have perfected 
special techniques in processing which still further 
improve the physical properties of the molded 
parts. If your problem involves high or low tem- 
peratures, close tolerances, and compatibility in 
advanced design fuel, lubricant or hydraulic sys- 
tems, get in touch with us at once. We have the 
skill and the facilities to help you. 


HIDE MANUFACTURING C 


SIRVENE DIVISION, 1215 ELSTON AVENUE * CHICAGO 22, ILLINOIS 


Offices in 55 principal cities. See your telephone book 


In Canada: Chicago Rawhide Mfg. ¢ 
Export Sales: Geon Interr 


>. of Canada, Ltd., Brantford, Ontario 


ational Corp., Great Neck, New York 


c/® propucts: C /R Shaft & End Face Seals ¢ Sirvis-Conpor mechanical leather cups, 


packings, boots « C/R Non-metallic gears 
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What the Wells-Miller merger means to you... 


A. H. Wells is one of the country’s best-known producers of 
small tube and special shaped tubing. 


The Miller Company specializes in the tailor-made production 
of brass and bronze strip, coils and flat lengths. 


Now you can use one source for your copper-alloy strip and 
tube needs! 


THE MILLER COMPANY 


Rolling Mill Division 
Meriden, Connecticut 


A. H. WELLS, INC. 
Tube Subsidiary 
Waterbury, Connecticut 
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body styles: master, single-solenoid and 
double-solenoid. These 1 and 114-in. 
valves are recommended for fast cycling 
of large-bore cylinders. Solenoids sup- 
plied for various operating voltages. 
Valves are available in six standard 
pipe sizes from 14 to 114 in. Galland- 
Henning NOPAK Div., 2753 S. 31 St., 
Milwaukee, Wis. >529 


MINIATURE CONNECTORS 


DM Series connectors meet MIL-C- 
26482 on miniature circular quick-dis- 
connect electrical connectors. Connec- 


tors operate from —67 to +250 F and 
feature ball-lock coupling ring. Offered 
in plugs, receptacles, hermetic and 
rack-and-panel designs. Deutsch Co., 
Electronic Components Div., 7000 
Avalon Blvd., Los Angeles. +530 


SILICONE SPONGE RUBBERS 


Room-temperature-vulcanizing silicone 
rubbers are designed for void filling, 
cushioning and vibration damping. 
Identified as RTV-120 and RTV-160, 
both cure at room temperature in a 
few minutes to form resilient, silicone 
rubber sponge. RTV-160 is for applica- 
tions requiring somewhat greater re- 
siliency than offered by RTV-120. Pot 
life and sponge properties, however, 
may be varied. Smaller pore size, ac- 
companied by reduced pot life, can be 
obtained by increasing concentration 
of curing agent. Silicone Products De- 
partment, General Electric Co., Water- 
ford, N. Y. >531 


INTEGRAL-HP SPEED 
REDUCERS 


Worm-gear reducers ranging from 1 to 
40 hp have cooling fan mounted on 
input end of worm shaft. Worms are 
cut integral with shaft. Gears have 
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ha CUA 
sa SPREFERRED 


Parts : , ; 
aS ed ee ee 


in Quantities of | CUS Ue ee 
50 to 200,000 | SS ee 


at low cost 
aust hit 
Development of a unique automatic trans- 


fer press, permitting a simplified mold “(fi « 
design and greatly reduced mold cost, iy ELAY R ELAYS 
has exploded the high cost of small run, 
precision thermosetting parts—runs of 2 to 180 Seconds 
50 to 200,000 parts are economically 
produced. | Actuated by a heater, they operate on 
Precise control of the molding cycle A.C., D.C, or Pulsating Current 
permits closer than normal tolerances. 
This low cost molding operation, com- ee 
bined with specialized secondary equip- SUL Ub LoL 
ment for drilling, tapping, insert assem- m7 SPST only—normally 


bly, etc. will give you economical fj Pye d: 


custom-built components. 


Hermetically sealed. Not affected by 


amauta 
Named Ty 


Compensated for ambient temperature 


| 
a changes from —55 ft 10 C. Heat 
RELAY ers consume approximately 2 W. ‘ond 
Phone Fleetwood 2-6660 A ; | fl | Tl may be operated continuously. The unit 


angie, Uh ee : 3 are rugged, explosion-proof, long- 
| MMOLOTROMIES, wwe cree all 


Request complete information 


TNT eet Cea uth ce 
539 HILLGROVE AVENUE + LA GRANGE, ILLINOIS + P.O. BOX 373 Also— Amperite Differential Re- TYPES: Standard Radio Octal, and 9 


ea eae Ee I Eee MC Leek oa oe Tes WTS ade 
Circle 309 on page 17 der-voltage or under-current protectior Standard Delays 


FHP motors... engineered 


PROBLEM? Send for Bulletin No. TR-81 


especially 
for your 
product 


EPG RY 
REGULATORS 


TU LMC LORI Cam eT Ae OL Cod Li 
CMM MOOI LCC mes: eet ze) 
at a definite value (for example, 0.5 amp.) 

For currents of 60 ma. to 5 amps. Operate 


on A.C., D.C., or Pulsating Current 


The new RAE M-40 Series, in 3 ratings 
at 5000 RPM. AC/DC Universal or DC 
Shunt. M-41 and M-42 rated '/, H.P 


y 

. %, H.P. M-45 P 
ond M46 rated 1 H.P. Available with motors in AMPERITE 
ony of Rae's gear units >| REGULATOR 


; . on . . AMPERITE " 
RAE engineers are recognized specialists in solving 


difficult FHP motor applications. By careful analysis I ie | | | | 





and testing of your product, they can save you time 
and money in selecting the right motor. 
RAE offers outstanding service and quality ina 
large variety of motors. Available in voltages up to 
250, and up to 1/2 H.P. (higher for intermittent 
duty) with many gearhead motor combinations. Hermetically sealed, they are not affected by changes in altit 
Find out how RAE motors can improve your prod- ae ee Py ; Ass ee 
uct and reduce costs as they are doing for other ambient temperature {— 3) _ to 0 C), or humidity he 
leading manufacturers ) ae } 2 
ight. compact, 1 Tasch T TE a dlc ee 
*Send for the ‘‘RAE'’ Engineering Dato Sheet. It will help you es ? 


supply the data necessary for recommendations and prices. Write for 4-page Technical Bulletin No. AB-5]1 


Motors * Governor Controlled Motors * 

Motors for Rheostat Control * Motors for Telephone: CAnal 6-1446 
yee CT ee Electronic Control * Permanent Magne? 
Racine, Wisconsin Motors and Gearmotors. 


AC DC Universal * DC Shunt Wound + 7. | 
A DC Series Wound * Gear Reduction MPERITE CO. Inc., 561 Broadway, New York 12, N. Y. 
MOTOR CORP. 


In Canada: Atlas Radio Corp., Ltd., 50 Wingold Ave., Toronto 10 
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MAGNETIC AMPLIFIERS, INC. 
632 TINTON AVENUE © NEW YORK 55,N.Y. © CYPRESS 2-6610 


West Coast Division 
136 WASHINGTON ST. © EL SEGUNDO, CAL. © OREGON 8-2665 
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“HOOK SWITCH” 
DESIGN 


An entirely new concept in a “Hook Switch" made 
possible by many new engineering features. Requires 
@ minimum of depth behind panel; available in 2 
series for different types of mounting, and in standard 
circuits. Special circuits can be furnished. 


Send for Bulletin No. $-595 


LOOK TO SWITCHCRAFT FOR NEW PRODUCTS—NEW DESIGNS 


5539 N. Elston Ave. 
Chicago 30, Ill. 


Canedian Rep.: Atias Radio Corp., Ltd., 50 Wingold Avenue, Toronto, Ontario | 
AVAILABLE AT ALL LEADING RADIO PARTS JOBBERS @ 
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centrifugally cast bronze rims, with 
high tin-nickel content, made integral 
with cast-iron center. Bearings are 
tapered-roller type on both worm and 
gear shafts. Cleveland Worm & Gear 
Co., 3300 E. 80 Street, Cleveland, 
Ohio. >532 


LINEAR TRIMMING 
POTENTIOMETER 


Comp-U-Trim Model F is designed for 
mounting through the front panel of 
equipment or for below-chassis mount- 
ing. Wirewound trimmer features all- 


aluminum housing with encapsulated 
potentiometer. Model F meets applica- 
ble specifications of MIL-R-19, MIL- 
202 and MIL-5272. Rated at 0.75 watts 
at 85 C and 0.5 watts at 125 C. Diame- 
ter of trimmer is 5 in. Available in 
resistance ranges from 10 ohms to 50,- 
000 ohms with +10 per cent tolerance 
and temperature coefficient of +20 
ppm. Eastern Precision Resistor Corp., 
675 Barbey St., Brooklyn, N. Y. ->533 


MAGNETIC SWITCH 


“Magneswitch” is an _ encapsulated, 
sealed switch, impervious to environ- 
mental contaminants, which will with- 
stand high impact stresses. Actuator 
and switch are supplied assembled in 


universal mounting bracket for rotary 
actuation. Five, ten and fifteen amp 
sizes at 250 volts a-c offered. Tempera- 
ture range, —65 to +165 F withstands 
50 g shock loads. Five-amp switch il- 
lustrated. Space Components Inc., 1048 
Potomac Street, N.W., Washington 7, 
D.C. > 534 


EPOXY DIPPING COMPOUND 


Epoxy compound for encapsulating 
small electrical components such as 
ceramic wafer capacitors, resistors and 
small transformers is a black thixo- 

(Continued on page 318) 
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ALIRON® Copper-Base and 

Copper-Cored 
Three-layer and five-layer materials used 
for anodes in rectifier and amplifier tubes. 
Provide longer power output life . . . uniform 
heat dissipation . . . high electrical conduc- 
tivity...improved anode reradiation... and 
reduce costs, 


Lied 8 


TIN CLAD METAL STRIP 
and other Semiconductor Clad Metals 


A number of combinations of clad metals are 
available for use on base tabs, lead wires, 
whisker wires, base materials and enclosures 
in silicon and germanium diodes, transistors 
and germanium power transistors. 


ALUMINUM-IRON ALLOYS 


For magnetic applications requiring low core 
losses and high permeability at low flux 
densities in current and pulse transformers, 
relays, gyro mechanisms, servo mechanisms, 
missile guidance systems, etc, 
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ALNIFER®, NIFER® 


These clad metals are used as alternate ma- 
terials for solid pure nickel in electron tubes. 
They conserve critical material . . . reduce 
costs substantially. Supplied in annealed 
coils ready for your production, 
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ALCUPLATE® 


Easily formed, deep drawn or spun. Used for 
waveguides, component cases, variable con- 
denser blades, chassis and electrical or 
thermal conductive parts. Light in weight, 
saves up to 30% over the cost of solid copper, 


CLAD ELECTRICAL CONTACT TAPES 


For products you want to automate, this 
modern contact form permits greater latitude 
in contact assembly design . . . automatic 
assembly of two or more parts in a single 
operation. Tape contacts are easily attached 
by spot welding ... are self-aligning .. . 
and allow broader assembly tolerances. 
Save up to 40% in contact costs. 


CLAD PRECIOUS METAL 
CONNECTOR MATERIALS 


High reliability of connectors, clips, terminals 
obtained by using gold and other precious 
metal alloy stripe materials . . . place high 
performance materials in the contact areas 
. . + cost-savings and improved performance 
over gold electroplated parts. 
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COPPER-CORED GLASS SEALING WIRES 


Featuring a sound metallurgical bond, these 
wires give three times greater conductivity 
than solid 52 alloy wire of equal diameter 
.  « they facilitate miniaturization. Features 
include: leakproof seal between alloy and 
core, high electrical and thermal conduc- 
tivity, lower costs. 


CLAD CONTACT MATERIALS 


Single and double inlay, overlay and toplay 
provide better electrical performance, longer 
operating life and lower fabrication costs. 
Complete assemblies can be made to close 
tolerances by single blanking and forming 
operations. 


General Plate 
Clad Metals and Clad 
Electrical Contact Materials 

Solve Design Problems... 
ad eh Alel—maliola 


Performance Reliability 





General Plate clad precious-to-base or base-to-base metals are inseparably 
bonded by a patented solid-phase bonding process without the use of brazing 
alloys or other intermediate material. 





If you are seeking metals with useful characteristics that can’t be found in a single 
metal or alloy, investigate clad metals. If you want stronger or lighter components 
— or better electrical and mechanical properties — or fewer corrosion problems 
— or if you are interested in conserving critical metals or reducing parts costs, 
you can profit by using General Plate Clad Metals. 

Write for a General Plate Clad Base Metals catalog today. Or better yet, why 
not talk over your requirements with a competent field engineer? His knowledge 
of the applications of clad metals is yours for the asking. No obligation, of course. 


METALS & CONTROLS 


191 


A DIVISION OF TEXAS INSTRUMENTS INCORPORATED 
GENERAL PLATE PRODUCTS: Ciad Metals + Electrical Contacts + Truflex® Thermostat Metal 


FOREST STREET. ATTLEBORO. MASS..U S.A 


Platinum Metals + Reactor Metals + Radio Tube & Transistor Metals 


This Anaconda “first” is still 
155°C (Class F) Polyester 


it's easy to see why: 

It had a good head start because it was the 
first film-coated magnet wire to meet the newly 
adopted AIEE 155°C (Class F) rating. 

It gives you high thermal stability — plus 
excellent abrasion resistance characteristics, 
chemical stability and dielectric strength— 
makes Anaconda Anatherm ideal for you who 
seek maximum performance and reliability 


from smaller and smaller equipment operating 
at higher and higher temperatures. It’s fully test- 
ed for “hottest spot’’ temperatures up to 155°C. 

Then, too, it comes in a wide range of shapes 
and sizes. Available in single, heavy, triple and 
quadruple grades of round wires (sizes 8 through 
46) and in a full range of sizes in squares and 
rectangulars. 





industry’s first choice for 
film-coated magnet wire 


| Free technical bookiet gives full infor- 
These then are the main reasons why Ana- , mation about Anaconda Anatherm. 


‘ once . ‘ 4 Simply write: Anaconda Wire & Cable 
conda Anatherm is still industry’s first choice 1 Company, 25 Broadway, New York 4, 


for 155°C (Class F) Polyester film-coated mag- | New York. sets 
net wire. Why it should be yours, too. ' 


® 
ASK THE MAN FROM ANACONDA MS 
ABOUT . 
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tropic material which produces an 
even non-dripping coat on pieces up 
to l-in. cube. No dripping occurs at 
cure temperatures as high as 160 C. 
HYSOL 10-80 Dipping Compound has 
passed temperature and immersion 
cycling tests set down by MIL-C-11015A 
“Capacitors, Fixed Ceramic Dielectric.” 
Ten-day moisture resistance test passed 
averaging 100,000 megohms against 
specified minimum of 1000 megohms. 
Houghton Labs, Olean, N. Y. ->535 


MINIATURE THERMOSTAT 


Model 32411 Thermoswitch tempera- 
ture controller is designed to make 
contact on temperature rise. Size is 
approx % that of common sugar cube. 
Control has exposure limits of —65 to 


+325 F, with inherent sensitivity to 1 
deg F. Adjustable range is —20 to 
+275 F as high-limit switch (to +200 
F as control switch). Features include 
hermetic seal, field adjustability of 
temperature and resistance to 500 cps 
vibration at 10 g acceleration. Thermo- 
stat is of Type 305 stainless and has 
thin wall for low thermal mass and 
rapid response. Outer shell is tempera- 
ture-sensitive member. Current rating 
is 2.5 amp, 115 volts a-c; 2.0 amp, 28 
volts d-c. Fenwal Inc., Pleasant St., 
Ashland, Mass. >536 


INTEGRAL-HP 
SPEED REDUCERS 


Line of shaft-mounted “Torque-Arm” 
speed reducers includes both 15:1 ra- 
tios and a double-reduction series in 
eight sizes. Both gear ratios are avail- 
able in housings of identical dimen- 
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VAT VAR ISOLASTANE’ 
TUBING and TAPE 

/ = - for sharp bends HEAT —for continuous perform- 

, and irregular a AVKVE'T Pe ance at temperatures up 
surfaces to 155°C 


°F isoLASTANE is Natvar’s new elastomeric 
isocyanate type coating for Fiberglas braid : ; : : , : 
and tape. Reg. U.S. Pat. Off. Natvar Isolastane is now making important savings possible. It makes it un- 


necessary to use expensive Class H materials to solve temperature problems 
during the manufacture of products which do not require Class H rating. 


Deel, Isolastane is outstanding in its 
Natvar Products 


Varnished combric—sheet ond tape @ ELASTICITY (EXTENSIBILITY) @ TOUGHNESS AND ABRASION RESISTANCE 


Varnished canvas and duck— rs) RESISTANCE TO HEAT @ WET DIELECTRIC STRENGTH 
sheet and tape 


Varnished silk and special rayon— @ RESISTANCE TO CRAZING AND CRACKING @ LOW TEMPERATURE FLEXIBILITY 


sheet and tape 
Varnished papers—rope and kraft— oe RESISTANCE TO SOLVENTS, @ FUNGISTATIC QUALITIES 


sheet and tape INCLUDING THE ASKARELS 

Varnished, silicone varnished and 

silicone rubber coated Fiberglas* — 

sheet end tape Full technical data and samples are available on request. 
Slot cell combinations, Aboglas® 

Isoglas® sheet and tape 

Isolastane® sheet, tape, tubing and 


sleeving 

Vinyl! coated and silicone rubber 

coated Fiberglas tubing and sleeving C Oo eo Pp oO R AT j ON — 
Extruded vinyl tubing and tape 

Styroflex® flexible polystyrene tape 


ee naan FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
*T.M. (Reg. U.S. Pat. ° orp. 
We will be very happy to supply information TELEPHONE CABLE ADDRESS 


on any of our products on request, FULTON 8-8800 NATVAR: RAHWAY, N. J. 
207 RANDOLPH AVENUE @ WOODBRIDGE, NEW JERSEY 
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Components 


With or without prongs. 
Many Stock Sizes. 


Come out of 


FASTICS 


FOR ELECTRICAL APPLICATIONS 
Send Prints for Quetation 


123 Rotary Drive 
GURNEE, ILLINOIS 
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sions and at same price. Output speeds 
range from 12 to 400 rpm. Largest 
shaft-mounted speed reducer reduction 
ratio is 24.73:1 and it is rated 154 hp 
at 75 rpm. Dodge Manufacturing Corp., 
Mishawaka, Ind. >537 


| SOLID TANTALUM 


CAPACITORS 


Line of capacitors offers a range from 
1.0 to 330 wf. Tantalum capacitors pro- 
vide +20 per cent tolerance at 25 C 


and 120 cps. Dissipation factor, below 
6 per cent; leakage current (at rated 
voltage and 25 C), below 0.03 pamp/- 
pf/volt, or 2 wamp, whichever is great- 
er. Operating temperature range, —55 
to +125 C. Electronic Fabricators, Inc., 
682 Broadway, New York. >538 


SOLID-STATE SERVO 
AMPLIFIERS 


Model 1800-3500 plug-in amplifier is 
designed to receive signals from a 
synchro control transformer and oper- 


ate a servo motor. Power gain, 70 db 
and 8 volts/mv min. Input impedance, 
10,000 ohms nom; output, 20 volts 
nom at 400 cps; input power, 28 volts 
d-c at 150 ma. Temperature range, 
—55 to +71 C. M. Ten Bosch, Inc., 80 
Wheeler Ave., Pleasantville, N. Y. >539 


FLEXIBLE CLAD LAMINATE 


Copper-clad laminate for flexible 
printed circuits, cables or harnesses 
is designated as CuFlex LAMICOID 
sheet. Laminate consists of l-oz elec- 
tro-deposited copper foil bonded to 
either 0.002 or 0.005-in.-thick flexible 
polyester film. Laminates can be 
twisted or bent to fit requirements of 
wiring layouts. Copper used for lami- 


nates is made by continuous electro- | 


deposition and is 99.5 per cent pure. 


Sheet can be used in equipment de- | 


signed for 130C operation. CuFlex 
LAMICOID can be supplied in full- 
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UNITED TRANSFORMER CORPORATION 
150 Varick Street, New York 13, N. Y. © EXPORT DIVISION: 13 E. 40th St., New York 16, N. Y., 
CABLES: “ARLAB” PACIFIC MFG. DIVISION, 4008 W. Jefferson Bivd., Los Angeles, Cal. 
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width 36-in. sheet or slit into tape as 
narrow as 14-in. Mica Insulator Div. 


FRIDEN MODEL SRW | :{,Monwost Mane #6 
—the most extraordinary © Lonc-stroxe 


LINEAR ACTUATOR 


- 
automatic calculator §— vos 22970 sews features normal 
you have ever seen 


3l-in. stroke. For 28-volt d-c operation 
STUDY THESE PICTURES: ikl | = 


Set number from which i 
1 root is to be taken on Ona (other a-c or d-c drives available). 


Friden SRW keyboard é Electrical load-sensing mechanism per- 
J mits actuator to sense, shut off and 

hold predetermined load of 500 to 800 

lb. Electromagnetic clutch brake pro- 

vides irreversability within design load 

range to 1000 Ib in current-off condi- 

tion. Hoover Electric Co., 2100 So. 

Stoner Ave., Los Angeles, Calif.>541 


Touch Square Root key : 
2 corresponding to posi- ' EQUIPMENT CONTROL 


tion of decimal point 


in the radicand CONNECTORS 
Series of connectors, for applications 
to 600 volts, are constructed of neo- 


SQUARE ROOT prene. Available in three basic styles: 
.--@ppears automatically 
in the dials of Friden Model SRW 
when you touch one key 


This figure can be re- : 2 
tained on keyboard if Can you use Friden Model SRW to speed 


desired for further cal- —_ answers? For the first time on any desk calcula- 


3 See root appear in dials. 


culation. Need for copy- 


ing root is eliminated tor it offers touch-one-key extraction of square 


root. Is equipped also with all automatic 
Friden Calculator features and so performs 
more steps in figure-work without operator 
decisions than any other calculating machine. oval, round and dual-round, with 2 
The Thinking Machine of American Business to 12 poles. Receptacle units designed 
—yours in Friden Model SRW. to fit standard outlet boxes. All con- 


tacts numbered on connector faces for 


° positive identification. Joy Manufac- 
... WORKS THE WORLD'S | turing Co., Electrical Products Div., 
qT] eC] FIGURE-THINKING PROBLEMS 1201 Macklind Avenue, St. Louis 10. 
Mo. >542 

AUTOMATICALLY 


Friden sales, service and instruction available throughout the U.S. and the world 


...Friden Silver Anniversary * 1934-1959 LOW-PRESSURE TRANSDUCER 


Send for new Square Root Calculations Manual. Tells how Model 155 transducer has infinite reso- 
calculating machine with unique automatic square root — lution output through use of conduc- 
extraction feature does higher mathematics including F : y tive plastics potentiometer. Withstands 
triangulation, statistics. Free—no obligation. =v 


FRIDEN, Inc. Dept. EmM-1159 
San Leandro, California 


Please send Square Root Calculations Manual to: 
Name 
Company 
Address 


City Zone State 
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Need Positive Mechanical Action 
in your Armature Winding 


operation? 


cHeck ALL tHeEse 
ADVANTAGES AND SEE 
WHY THE LEADING 
MANUFACTURERS DEPEND ON 


SEIFERT 


@ SEIFERT MACHINES HAVE 
MECHANICAL CYCLING CONTROL 


. A SERIES OF CAMS PERFORM 
ALL OPERATIONS 


@ LESS DOWN TIME BECAUSE OF 
POSITIVE MECHANICAL ACTION 


@ MORE RAPID PRODUCTION 


@ LESS REJECTS BECAUSE OF 
POSITIVE MECHANICAL ACTION 


SEIFERT “Dual Speed Armature” 
Winding Machine for 42” to 
138” Diameter Cores 


@ SEMI-AUTOMATIC OR 
FULLY AUTOMATIC MODELS 


@ PRODUCTION LINE PROVED 


For Complete Information Write To: 


ee eS 


202-204 S. Beech St., Syracuse 10, New York 
Designers and Builders of Automatic Winding Machines 
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Learn how you may 
solve more engineering problems 
with Ira Ritow’s 


practical guide to 


SLIDE-RULE 
MATHEMATICS 


This 20-page, two-part article authored by 
engineer-teacher Ira Ritow offers a really 
practical treatment of the theory and use of 
the engineer’s prime computing instrument, 
the slide rule. It includes well-illustrated 
instructions for the use of all conventional 
slide rule scales and the circular rule. Over 
50 step-by-step examples of slide rule set- 
tings applicable to engineering problems. 


Reprint copies of the complete article with 
practice card cut-out slide rules are avail- 
able at $1.00 each; in quantities of five, 90 
cents each; in quantities of twenty-five, 75 
cents each. See handy Order Form on page 
242. 
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NEW ROYAL 


“POWRIZED" 
CORD 


adds extra value to 


Fisher-Pierce mifelighter 
and cuts costs 


Working closely with engineers and product 
designers at The Fisher-Pierce Co., South Brain- 
tree, Mass., Royal’s engineering department 
came up with a product-improving, cost-saving, 
salesworthy cord set design that met all UL 
specifications for the new NITELIGHTER 
photo-electronic light switch: 


A 


“POWRIZED” design matches product styling — 
Molded-on series plug conforms with shape of Nite- 
lighter; complete cord set blends with unit . . . en- 
hances product appearance. Molded-on strain relief 
assembles easier, aids performance dependability. 


“POWRIZED” design provides easy-flex cord — 
me Flat parallel construction, finer copper stranding 
(without reduction of conductor size), and highly 
flexible insulation compound assure cord either lies 
flat or flexes easily in use — an important perform- 
ance feature. 
a 
Sa 


“POWRIZED” design packs compactly, neatly — 
Special “rattlesnake” coil fits into package compart- 
ment... reduces handling in Fisher-Pierce assembly 
department . . . makes Nitelighter look better on 
display. 

Royal cord set specialists can help you, too, with power supply 
cord problems . . . either with custom engineering or stock designs. 
Send complete details for recommendations . . . or ask to have our 
representative call. 


ROYAL ELECTRIC CORPORATION 
Pawtucket ¢ Rhode Island 


ROYAL, 


oe + an associate of 


IN CANADA: 


Royal Electric Company (Quebec) Lid, 
Pointe-Claire, Quebec 


IN CALIFORNIA: 
Electric Cords & Supply Corp. 
413 E. 3rd St., Los Angeles 13 
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This was Nippert’s 


SMALLEST OF SMALL 


COMMUTATORS... 


and NOW we’re making them 


a ee 


even smaller... @ 


MINIMUM RECOMMENDED DIMENSIONAL STANDARDS AND LIMITATIONS 


a iN eed) 
p32" 56] 1/32" (164 


1/64" to 1/32" 1/64” to 1/32" 
1/64” to 1/32” | .218 | 1/64” to 1/32” | 1/64” 


015 MICA 
(TYPICAL) 


1/64” to 1/32” | .250 | 1/64” to 1/32” 


Bars — Hard drawn copper or copper alloy 

Maximum number of segments — 3 thru 18 

MAX. TEST: 
Bar to bar 
Bar to ground 


Maximum skew . 
R.P.M. .. 


110 volts 
.550 volts 

... 010 
..-.45,000 


J denotes Nippert machined surfaces 


The newest, and smallest, of 
Nippert’s tiny but tough commu- 
tators finishes at 6” diameter on 
the armature. This fabricated 
sub-miniature with machined 
dovetails is another example of 
Nippert craftsmanship in copper, 
steel and mica. 


RECOMMENDED 
MIN. # ON 
ARMATURE 


BROACH SIZE (.1000 — .1010 BROACH 
0990 MIN. TO AVAILABLE) 
1030 MAX. 


FURNISHED DRILLED OR REAMED 
FROM .078 TO .103 


Nippert commutators are pro- 
duced in sizes up to 4”. Our 
exclusive production techniques 
and custom machines make it 
possible to supply precision- 
built commutators to your speci- 
fications efficiently and econom- 
ically in any quantity. 


Send us your application specifications today—or write for information. 


COMMUTATORS 


COMMUTATOR 
COPPER AND OTHER 
DRAWN COPPER SHAPES 


SLIP BRINGS 


ELECTRIC PRODUCTS CO. 


1759 W. Mound St. * BRoadway 4-1116 
Columbus 23, Ohio 
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from 10 to 25 g in all axes in range 
scale from 0-+1 to 0-150 psi with 2 
per cent max error. Transducer avail- 
able in 15 models with +1.0 per cent 
linearity and +0.1 per cent repeatabil- 
ity. Also offered with wirewound po- 
tentiometer. Rahm Instruments, Div. of 
American Machine and Metals, Inc., 
65 Rushmore Street, Westbury, New 
York. >543 


GAIN CHANGER 


Gain changer containing seven com- 
ponents in a package 6 in. long (less 
terminal lugs) and weighing 18 oz has 
been developed to control amplifier 


ZB 


gain with respect to time. Type 9805-12 
consists of 115-volt, 400-cps synchron- 
ous motor (with phase-shifting capaci- 
tor) coupled through 24,000:1 ratio 
gear train; magnetic clutch (with as- 
sociated d-c power supply) and spring- 
reset mechanism (for driving 2-gang 
potentiometer). Operating temperature, 
—62 to +100 C. Unit meets MIL-F- 
5272B, is hermetically sealed and filled 
with dry inert gas. Can be built with 
‘ams and snap-action switches replac- 
ing potentiometer for accurate cycle 
timing. Oster Manufacturing Co., Avi- 
onic Division, 1 Main St., Racine, 
Wis. >544 


THREE-WIRE GROUNDING 
OUTLET 


Series of grounding outlets with short 
straps has all contacts, including 
grounding contact, of high-quality 
Lronze which grip both sides of the 
cap blades. Face of Outlet 5284 is 
contoured to guide insertion of cap 
blades. Available in 125 volts with 
parallel slots or 250 volts with tandem 
slots for back and side wiring or for 
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BETTER 


om Sone PRINTED CIRCUIT Protection 


to be a part of a 
growing company 


@ FACILITIES 


and equipment to 
carry out the job 


@ RECOGNITION 
for your accomplishments 


PRE-SOLDERING PROTECTIVE COATING 
@ COMPENSATION 1. Longer protection against ox- 


for your achievements +. Gives ides, carbonates and hydrates. 
3 Advantages Over 


@ SECURITY Other Water-Dip 
Lacquers 


2. Greatly increased solderability. 


3. Instant displacement of water 
with a progressive and moisture from metal surfaces. 


well established company Lonco Sealbrite 230-10 gives approximate coverage of 


7,000 sq. feet per gallon... dries quickly to a perma- 
MECHANICAL ENGINEER nently invisible tack-free film ... keeps soldering surfaces 
- . ? clean and acts as a soldering aid. It can be used as re- 
Experience a packaging of electronic ceived or thinned to any working viscosity. 
Cqeapmnent for industry. Familiar Get Sealbrite 230-10 protection for your printed cir- 
with sheet metal fabrication, small cuits. Immediate delivery in 1-gallon bottles, 5-gallon 
castings and heat transfer problems. cans or 55-gallon drums. Request literature 


LONCO 4 2 
Grete for full information. : 


} idee LONDON CHEMICAL CO., INC. 
General Manager, Electronics Div., 


Diamond Power Specialty Corp. REE 1537 NORTH 31st AVENUE - MELROSE PARK, ILLINOIS 
; , Member of Institute of Prin uits 
Box 415, Lancaster, Ohio Other Lonco Products: Solder + Fluxes 


Chemical Solder Masks © Flux Removers @ Chemical Wire Strippers 


Please send resume to: 
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Called “FOPS” By Every User! 


ttn, 





_— ons —_— 

STILL-MAN S 
ELECTRIC TUBULAR 

* stondardsorspocots ff HEATING ELEMENTS 


® one or a million 
® precision made ' 
® quality controlled . , 
@ priced right : a ae 
% TOP WORKMANSHIP 


- Baa at LOW COST TO YOU! 
5° SE" = , 
Something as small as a set 


Head! Sq Built for application wherever space limitations, 
screw shouldn’t give you any meester] Severe | Sect | long life, fast heat and high efficiency are factors 


trouble . . . and it won't, either, [Size (dio.)| #0 to %4”| $6 to %” in design. 
when you specify Moore Set Ye to 3” [Xs to 22” Millions are now in use as standard equipment in 
Screws. Rigid quality control 7 rea ‘ ° | ical 

arantees conformity and uni- cup, oval, round, flat, America’s leading nationally advertised electrica 
ormity. Your production lines Ss appliances. 


smoo it steel, brass, bronze, stain- - 
contoel Sale” or less, aluminum, alloy Available in copper, cold rolled steel and acid 
steel, monel resisting steel alloy in standard sheath diameters tor 
Engineering Service — on new de- 9 eee ee sat 
velo; ts, or when you have a Special Heads — milled, slabbed, casting-in or immersion use. When writing, spec 
problem, let us provide the an- double slot, knurled. use, wattage and maximum temperature require- 
swers. Miniature Headless—#0, #1, #2, ments. An inquiry, NOW, will prove profitable to 


#3 sizes in a wide selection of 
Send for detailed price catalog. metals, finishes, lengths and points. youl 





MOORE George W. Moore, Inc. STILL-MAN MANUFACTURING CORP. 


since 1880 
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FOR CUSTOM FABRICATION 


SPECIFY Kirk Pe =) ay 


What is the most economical way to fabricate your components? Ask Kirk & Blum...a 
firm that, for more than 50 years, has maintained the confidence of the nation’s out- 
standing manufacturers with substantial savings in time and cost. 


Kirk & Blum’s experienced craftsmen are adept at a multiplicity of production techniques 
for maintaining quality and uniformity at lowest cost. Often, they develop special tooling 
that opens new vistas of economy. 

The extensive facilities and equipment of Kirk & Blum’s 170,000 sq. ft. plant offer a 
capacity for sheet steel fabrication to 2" thickness. Working with aluminum, copper, 


monel, stainless and other alloys is a K&B specialty. 


Request your copy of the new 40-page Kirk & Blum Sheet and Plate Fabrication Catalog. 
Better yet, send us your prints for prompt quotation. 


eeeeeeeeeeeeeeeeeeeeeeeeeeeee 


THE KIRK « Alum MANUFACTURING CO. 


3122 FORRER STREET « CINCINNATI 9, OHIO 


\ 
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side wiring only. Pass and Seymour, 
Inc., Syracuse 9, N. Y. > 545 


PRECISION WIREWOUND 
RESISTORS 


FM Series resistors are designed to 
compete with common boron-carbon 
types at comparable prices. Resistors 
are inductively wound with Nichrome 


az 
a 


or Karma alloy wire (temperature co- 
efficients: 0.015 and 0.002 per cent/deg 
C, respectively). Standard tolerance, 
1 per cent; rated load, 1% watt; values, 
130 to 5000 ohms. Insulation resistance 
body-to-leads, 900 volts min. Size, %2- 
%o in. diam and %4-1i¢ in. long. Pre- 
cision Inc., 4748 France Ave. No.. 
Minneapolis, Minn. >546 


METAL-SHEATHED 
THERMOCOUPLE WIRE 


Pycopack thermocouple wire, a mag- 
nesium-oxide-packed, metal-sheathed 
construction, is available in seven sizes 
ranging from %6 to M40 in. sheath OD. 
Wire supplied in all standard ISA 
calibrations. Standard materials are 
304 stainless, Inconel and platinum. 
Complete thermocouple assemblies are 
also standard items. Pyrometer Co. of 
America, Inc., Penndel, Pa. >547 


RUNNING-TIME METERS 
Type 632 time-totalizers record elapsed 
time in industrial or laboratory opera- 
tions. Time ranges available are sec- 
onds or tenths of seconds, minutes, 
tenths or hundredths of minutes, and 
hours, tenths or hundredths of hours. 
External connections may be arranged 
to operate meter during equipment run- 
ning time, idle time or any operational 
phase. Meters available with or without 
(Continued on page 329) 
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A COMPLETELY — | 
NEW CONCEPT 17 variable transformer design! * 


, vm To . 
ih iy 


seres _ POWERSTAT’ 
variable transformers 


HIGH CURRENT CAPACITY 

— The use of a helical wound coil design instead of the conventional toroidal 
wound coils permits current capacities much higher than previously available 
in variable transformers. 


EXTREMELY FINE ADJUSTMENT 

— Patented re-entry rings permit continuously-adjustable control of 1600 
increments over the range of zero to maximum output voltage. Resolution is 
better than 1/10 of 1% of the input voltage. 


HIGHEST EFFICIENCY 
THE — Low resistance brushes are always in contact with only one turn of the 
SUPERIOR ELECTRIC helical wound coil resulting in very low voltage drop. 


COMPANY PLUS: 


ZERO WAVEFORM DISTORTION, EXCELLENT REGULATION, SMOOTH CONTROL, 
CONSERVATIVE RATINGS, LINEAR OUTPUT VOLTAGE, LOW COST PER KVA. 


* The Superior Electric Company's U.S. Patent No. 2,864,992. ©1959, THE SUPERIOR ELECTRIC COMPANY 


Bristol, Connecticut, U.S.A. 





NEVER BEFORE 


POWERSTAT 


TYPES 

Two 240 volt, 3-phase 
types are offered. Type 
2HC200-3Y is cooled by 
normal convection. Type 
2HCB200-8Y is similar in 
construction but incorpo- 
rates fans for forced air 
cooling of the coils. Output 
rating of the forced air 
cooled type is nearly double 
that of the convection 
cooled type. Types for 480 
volt, 3-phase duty are 
available also. 


POWERSTATS of the 
H-C Series can be remotely 
operated from a control 
unit mounted either on the 
POWERSTAT frame or at 
any other convenient loca- 
tion. Raise-lower signals 
from the control unit oper- 
ate the adjustable speed 
motor driving the contact 
brush assembly. Full range 
travel speed is fully adjust- 
able between 15 seconds 
and 10 minutes. Travel is 
smooth with fast starting 
and stopping at any volt- 
age setting. Integrally 
mounted travel limit 
switches provide stops and 
unit protection. 


INPUT: 
OUTPUT: 


THE SUPERIOR ELECTRIC COMPANY, Bristol, Connecticut 


Please send H-C Series Please have your 


POWERSTAT Bulletin. 


representative call. 


e such high efficiency « such fine adjustment 
e such high current capacity 


variable transformers 


for heavy duty applications 
requiring cool, 
efficient operation 


TYPE 2HCB200-3Y (FORCED AIR COOLED) 


INPUT: 
OUTPUT: 


240 VOLTS 60 CYCLES 
0-270 VOLTS 360 AMPERES 


3 PHASE 
168 KVA 


OUTLINE DIMENSIONS 


TYPE 2HC200-3Y (CONVECTION COOLED) 


240 VOLTS 60 CYCLES 3 PHASE 
0-270 VOLTS 200 AMPERES 93.5 KVA 


ee ee 
0 we 


SIDE VIEW FRONT VIEW 


. . . FOR YOUR FILES 
Request H-C Series Bulletin giving full 
technical information, ratings and specifications. 





® 





company ——- 





address 


city 


THE SUPERIOR ELECTRIC company 
Bristol, Connecticut, U.S.A. 


SE-L8S5911 





ALWAYS SPECIFY 


TOLEDO 


COMMUTATORS 
AND 
COLLECTOR RINGS 


Always specify TOLEDO ‘or one or a 
million top quality commutators and 
collector rings . . . and be assured of 
prompt delivery. Quality control . . . 
top workmanship . . . combined with 
the highest quality raw materials... 
are your assurance that each commu- 
tator ... each collector ring . . . is 
produced to the highest standards of 
uniform excellence. Call Toledo Com- 
mutator Co. for quality commutators 
and collector rings . . . delivered 
quickly to your plant to save you time 
. . . to save you money. Write today 
for Catalog No. 65. 


toledo 


commutator co. 


OWOSSO 6, MICHIGAN 
quality products since 1895 
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reset in hermetically sealed cases de- 
signed to meet MIL-E-5272A where 
applicable. Motors can be specified for 
115 or 220 volts a-c, 60, 50 or 25 cps; 
and in limited time ranges, for 115 
volt, 400 cps a-c or any voltage between 
6 and 32 volts d-c. Face plates, square 
or standard round. Cramer Controls 
Corp., Centerbrook, Conn. ->548 


SILICON RECTIFIER FOR 
MERCURY-VAPOR-TUBE 
APPLICATIONS 


Type S-5130 may be used in the same 
applications as Type 886 mercury- 
vapor tube. Silicon unit is capable of 


continuous duty operation of 300 ma 
d-c at 10,400 piv with resistive-inductive 
load. Input voltage, 7400 rms max; 
peak current, 3000 ma max; ambient 
rating, 100 C max; circuit, single- 
phase/ half-wave. Sarkes Tarzian, Inc., 
Rectifier Div., 415 No. College Ave., 
Bloomington, Ind. >549 


LIGHT-WEIGHT BATTERY 

Compact, automatically activated silver- 
zinc battery provides 1 amp-hr of 28- 
volt current. Model P14A weighs 2.7 
Ib and is 3 x 3 x 4.5 in. Battery con- 
tains 19 cells and provides max cur- 
rent of 5 amp. Discharge time at | 
amp, 60 min. Activation time, 0.5 sec; 
signal required for activation, 28 volts 
at 2 amp. Frank R. Cook Co., Sub- 
sidiary of Telecomputing Corp., 3850 


Olive St., Denver 7, Colo. ->550 | 


6-AMP SLIDE SWITCH 


Type SS-36-1 switch is designed for 
use on appliances, power tools, instru- 
ments and other electrical products. 
UL rating is 6 amp at 125 volts a-c. 
Trigger knobs for SPDT switch avail- 
able in nine colors. Either silver-plated 
solder-lug terminals or gold-plated 





(OMe PLATE-TYPE 


NOM Tels UE 


Sa 
; 


DISSIPATE HEAT 
FROM BOTH SIDES 


Greater, two-side heat dissipation means 
you can use a smaller, lower-cost rheo- 
stat for a given rating. G-E rheostats 
are metal-encased and cement filled to 
dissipate heat from both sides and in- 
crease watt capacity. See how you can 
benefit from greater heat dissipation; 
follow reader service instructions below. 
General Electric Company, Roanoke, 
Virginia. 784-21 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 
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- announcing 


the NEW 
“42,000 Series” 


DISC 


BRAKES 


(the choice of leading electric motor manufacturers) 


¢ 


Cover removed to show 
Stearnetic® construction. 





*Stearnetic — Stearns exclusive unitized, electro-magnetic 
operating mechanism, 


4] --- UP to 33% shorter 

permits more compact, space-saving installations 
— less overhang .. . as much as 3 in. shorter than 
competitive units — up to 4% in. shorter than 
previous high-torque Stearns brakes. 


...-up to 50% lighter 


easier to handle and install — cost less to ship... 
up to 50% lighter than competitive units. 


% For standard or straight-thru shafts. 

% Exclusive Stearns one-point 
adjustment for wear. 

% A screwdriver is your complete 
maintenance tool kit. 

% Wide-range torque variation for 
stops that match the application. 


% Smooth, clean, modern exterior 
design to match modern motors — 
no protruding parts to catch 
clothing — easy to clean. 


% Max. Torque Range — 
125 to 575 |b ft. 

% AC or DC models—all single phase 
— only two lead wires for fast, 
simple installation. 

% Standard motor or floor mountings 
... two styles of enclosures. 

% Exclusive Stearns “Visi-Wear”’ 
indicator. 

% Single point release — single 

solenoid design. 









Send for Special Information Sheet No. 2E 


ES EeT ELECTRIC CORPORATION 


120 NORTH BROADWAY 
MILWAUKEE 2, WISCONSIN 
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printed-wiring terminals. Electronic 
Components Div., Stackpole Carbon 
Co., St. Marys, Pa. >551 


TOROIDAL RELAY ACTUATOR 


Actuator senses magnetic field created 
by current in wire that is placed 
through hole in toroid. Unit illustrated 
(3 in. diam by 2 in. high) can give 





relay actuation as low as 4.5 amp, de- 
pending on characteristics of relay 
used. Milliampere-size toroids also 
offered. Toroid can be used for a-c and 
d-c systems and is enclosed in epoxy 
material. Relay to be actuated is placed 
in series with toroid unit. L and B 
Electronics, 2424 Sixth St., Berkeley, 
Calif. >552 


CONCENTRIC-SHAFT 
PRECISION POTENTIOMETER 


Tandem-Style APC miniature potenti- 
ometers are either 7 in. or 1% in. in 
diam and may be controlled by dual 
knobs or concentric gears. Single-hole 
or servo-mounting potentiometers have 
360-deg mechanical rotation and resis- 
tance values from 10 ohms to 350 k 
ohms at +5 per cent standard. Actual 
winding angle, 320 +5 deg. Independ- 
ent linearity, +2 per cent. One, two 
or three taps may be added upon re- 
quest. Waters Manufacturing, Inc., 
Wayland, Mass. > 553 


UNIVERSAL POWER- 
CONTROL UNITS 


Control units utilizing magnetic gating 
amplifiers driving silicon-controlled rec- 
tifiers may be used in the same ap- 
plications as conventional electrome- 
chanical equipment, such as amplidynes 
and motor-generator sets. Unit pictured 
provides 1 kw for 400-cps servo ampli- 
fier system and is designed for pro- 
portional or switching control. Indus- 
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iD 
DIFFUSED-JUNCTION| 'TYPES 


7 Payee for sian atoatt and MILITARY —— mppees 


of 60 cycles and with resistive or inductive load 


—— 


Maximum Ratings, PR Maximum Values: For ali frequency 


CHARACTERISTICS 


FORWARD CURRENT, OC AMBIENT TEMPERATURE at Ambient Temp. of 25°C at Ambient Temp. of 150°C 
Peak RMS oc Max. Reverse Max. Reverse Current 
RCA Inverse | Supply | Reverse 100°C 150°C Sure Current (DC) (averaged over one complete 
TYPE Voltage | Voltage Voltage Ambient | Ambient | One- Cyele Operating i . Peak. cycle) at Max. Peak. 
Inverse Voltage 


NUMBERS 
(VOLTS) | (VOLTS) (VOLTS) (MA) (MA) (AMP) (°C) 


1N537 65 to +165 | —65to +175 1.1 at 500 ma 


1N538 250 


1N539 250 


65 to + 65 to +175 ‘etn 


65 to + 65to +175] 1.lat 500 ma 


—_—_—_—$<—$$S 


65to +175} 1.1.at 500 ma 


1N540 400 250 


in1095 | 500 250 


65 to + 1.2 at 500 ma 


—_—————— 


600 


250 t 65to 1175] 1.2 at500ma 


6 Types for MAGNETIC-AMPLIFIER onphaeny requiring exceptionally low-leakage currents 
: Oe 


1N440-B 175 


1N441-B +175 


1N442-B 65to +175] 1.5at750ma 


1N443-B 


65to +175} 1.5 at750ma 


1N444-B 65to +175} 1.5at750ma 


1N445-B 65to +175) 1.5at 750 ma 


EXTENSIVE TESTING 
ASSURES RELI 
LONG LIFE in these 13 porns: For inf 
welded, hermeticall information concerni 
’ y sealed ning the full line of RCA Si i 
ili- 


Silicon Rectifiers de 
signed and conor ' | 
cinecuendiia ifiers and their special applications, contact 


© 100% high-temperature the RCA Field Offi 
dynami ield 
current and rated weston sectematadi write RCA ( Sealsaii sie datiaheeisis 3 
ercial Engineerin i 
g, SectionK-54-NN 


e 100% reverse-leaka 
ge Current test Somervi 
e 100% forward characteristic test erville, New Jersey. 
east 


e 100% press 
ure-seal test 74 
4 Broad Street west 
° 100% tempe Newark 2, N 6355 E. Wash GOVERN 
: , New J shington Biv MENT 
Pp rature cycling HUmboldt 5 ee Los Angeles 22, Calif . 224 N. Wilkinson Street 
EAST CENTRAL RAymond 3-836) er 2, Ohio 
o—aiue itor ne ee 
roit 2, Mich reet 
TRinity 5.5600. Needham Heights 94, M 
Hillcrest 4-7200 , Mass. 


1625 ''K’" Street, N 
Washington 6, D. C w 
District 7-1260 : 


CENTRAL: Suite 115 r n 
, Merchandise Mart PI i no 
r aza|C icago 54, lilinoi 
TRA 154 h M P h 4,1 is. WHiteholi 4-2900 
ou LOCAL CA SEMICONDUYU R O'S 8 
ALSO AVAILABLE AT Y R OCA R ouUCcTO ISTRIBUTOR 


RADIO CORPORATION OF AMERICA 


@ SEMICON 
DUCTOR AND MATERIALS DIVISION + SOMERVILLE, N. J 
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STABLE 


voLtRON 


eal igtleny 
MRE ae ad 


Leta 


Circle 334 on page 


trial applications cover semi-automatic 
or completely automatic control systems 
for processing and machine too] opera- 
tions. Line of power-control units con- 
sists of five system types; regulating 
power to a-c or d-c loads and providing 
full-wave, single-ended output; furnish- 
ing push-pull, two- or three-wire control 
of a-c servo motors; providing reversi- 
ble d-c output for regulation of split- 
field series motors or d-c shunt motors. 
All types available for 60- or 400-cps 
supply systems. Power outputs range 
from 200 to 2500 watts. Sensitivity of 
standard units is 100 pamp for full out- 
put. Response is one cycle of supply. 
Magnetic Amplifiers, Inc. 632 Tinton 


Ave., New York. > 554 


CURVED-RACEWAY 
CORNER ACCESSORY 


Channel-wiring accessory provides 
rounded raceway corners. “Corner 
Strip” is grooved on one side to slip 


~~ 


onto ends of two “Panel Chanel” sec- 
tions set at right angles. Strip furnished 
in 6 ft lengths that can be cut to re- 
quired size. May be used with all 
sizes and types of manufacturer's race- 
ways. Stahlin Brothers, Inc., Belding, 


Mich. 555 


15-WATT POWER SUPPLY 


Designed as a component for use with 
computing systems or strain gage ap- 
paratus, the PI (plug-in) Series power 
supplies have a 15-watt output capacity 
with 0.1 per cent regulation. Output 
may be fixed or variable over entire 
range. Ranges available from 0 to 300 
volts d-c. Transistor regulator circuit 
used for recovery of less than 50 usec. 
Ripple, 0.01 per cent; overshoot, less 
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Preformed cold drawn Nichrome 
Heating Elements being anchored 
into place indicate tremendous 
size of Lindberg missile furnace. 
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Nichrome 


ELEMENTS HEAT WORLD'S |. 
LARGEST MISSILE FURNACE |) 


2500 feet of extra heavy Nichrome V Wire 
provides 5-zone heating up to 2050°F 


This giant 500 KW gantry type Lindberg? hardening 
furnace is the newest and largest ever built to meet the 
most exacting heat treating requirements of today’s, 
and tomorrow’s, missile metals. It accommodates an ef- 
fective work load nearly 7 ft. in diameter and 24 ft. long. 

Now in operation at Lindberg Steel Treating Com- 
pany’s Melrose Park Plant, the controlled atmosphere 
installation is both bottom loading and bottom quench- 
ing. The 19’ by 57’ pit—28’ deep, beneath the towering 
electrically heated furnace, houses the loading station, 
2 quench tanks (atmosphere and salt) and water wash 
tank. Work loads pass from furnace to quench through 
an airtight seal, permitting complete control and pre- 


cise duplication of atmospheres and treating cycles. 

In the hardening furnace there are five control zones 
which operate between 250°F and 2050°F. Saturable 
core reactors automatically vary the voltage to the 
Nichrome*V heating elements between 2.2 and 220 
volts, depending on temperature and load. 

The selection of Nichrome V by Lindberg to supply 
reliable and closely controlled heat and temperature 
in this furnace is further evidence of the confidence 
that industrial leaders have in the quality and per- 
formance of Driver-Harris high-nickel alloys. Why 
not benefit from their experience. Tell us about your 


requirements. *T.M. Reg. U.S. Pat. Off. tLindberg Engineering Company 


post Alloy, 
os Y 


DRIVER-HARRIS COMPANY , 


HARRISON, NEW JERSEY ~- BRANCHES: Chicago, Detroit, Cleveland, Louisville 
Distributor: ANGUS-CAMPBELL, INC., Los Angeles, San Francisco © In Canada: The B. GREENING WIRE COMPANY, Ltd., Hamilton, Ontario 


MAKERS OF THE MOST COMPLETE LINE OF ALLOYS FOR THE ELECTRICAL, ELECTRONIC, AND HEAT-TREATING INDUSTRIES 
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eramics 
—that help 
to simplify 
your 
Production 


‘ Problems 


The accuracy, uniformity and toughness 
of Wisconsin Porcelain Co.’s ceramics 
gives you a closer fit, speeds assembling 
and reduces production costs. These ad- 
vantages make Wisconsin ceramics 
especially suited to automatic and semi- 
automatic assembly processes. 


And their superior physical character- 
istics give you best results for permanent 
electrical insulation. 


If your components call for porcelain, 
refractory, steatite or filter body parts — 
send us a sample or blueprint and tell us 
your requirements. We will be glad to 
quote prices and delivery. 


Serving Electrical and Electronic 
Industries since 1919. 


WISCONSIN 
PORCELAIN () COMPANY 


115 Market St. 
Sun Prairie, Wisconsin 


NATIONAL 





than 1.0 per cent of voltage setting. 
Supply is programmable over narrow 


' voltage range. Dimensions 4%6 x 4% 


x 61% in. Mid-eastern Electronics, Inc., 
32 Commerce St., Springfield, New 
Jersey. >556 


IMPLEX MOLDING POWDERS 


Three new grades of high-impact acry- 
lic molding powder are designated: 
Implex B, which provides high surface 
gloss for items such as housings for 
electrical consumer products; Implex 
C, for maximum resistance to staining; 
and Implex F, with superior heat re- 
sistance. Original, toughest and most 


| flexible material is Implex A. 


Impact strength, D256-47T, Method B 
e Charpy at —18 and +73 F: 
Implex A, 24 and 30 ft-lb 
* an ~ 
* , 9 saeas..” 
° F177 ae.” 
e Izod at —13 and +73 F: 
Implex A, 0.7 and 2.0 ft-lb/in. of notch 
” B,0.5 and 08 e 
C, 0.3 and 0.5 
” F,05 and 08 ~ 
Of the four molding-powder formula- 


| tions, Grades B and C have greatest 


moldability (flow in thin sections). 


| Grade F has been approved by National 
| Sanitation Foundation Testing Lab- 


oratory, Inc. Rohm & Haas Co., Wash- 
ington Sq., Philadelphia, Pa. ->557 


| ELECTROMAGNETIC CLUTCH 


Model KA wet-type clutch is designed 
for use in semi-automatic and fully 
automatic process machines as well as 
in program and tracer machines. It per- 
mits variety of spindle speeds, feed and 


RETAINING RINGS 


) -improve products 
and cut costs 
substantially! 


- 
O 
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traverse movements and _ directional 
changes. Compact design permits up to 
40 Model KA clutches to be incorpo- 
rated in one machine with mounting 
on motor shaft or countershaft as de- 
sired. Ninety-volt d-c coils are standard 
with other voltage coils available. 
Features include stationary coils; two 
bearings to carry magnet body; and 


SSSSSSS9 


— the old costly way —the new NATIONAL way 


The NATIONAL LOCK WASHER COMPANY 


) ee) 


ee eae NEW JERSEY e MILWAUKEE WISCONSIN 
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THE RELAY THAT FLIES 
with 


THE NEW NIKE 


NIKE HERCULES, one of America’s newest sentries of the sky, is 
faster and has a much greater range than the original version — 
Nike Ajax. Capable of carrying a nuclear warhead, NIKE HERCULES 
can blast an entire fleet of attacking aircraft. 

Among the components selected to serve this prime defense weapon 
is the RX 1402-9, a special model of the WHEELOCK Series 121 
tubular relay built to the customer’s specification. The small size, 
handy shape and mounting arrangements, and wide ranges 

of coil resistance and sensitivity make the tubular a most 

attractive choice for many applications. Chances are 

you will find your requirements fulfilled by one of the many 

models available from the standard 500 milliwatt Series 120, 

the sensitive (85 milliwatt) Series 121 or the shorter Series 123. 
Technical literature on Wheelock’s Tubular Relays available on request. 


* 1%” LONG, 1%" 0.D. 


SIGNALS 


we LONG BRANCH, N. J. 
Cn 
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SEEKING THE 
IDEAL MATERIAL 


FOR... 
es 


* Molds for powder metallurgy? 


= 


* Sintering boats? 


* Crucibles, jigs, plates? 


* Similar hot applications? 


HERE’S YOUR ANSWER 


Speer carbon and graphite parts are 
not wetted by molten metals. They hold 
their shape with no warping, regard- 
less of temperature. They have high 
heat transfer and will not break down 
under severe thermal shocks...will not 
crack or split...are chemically inert. 
Easily machined or fabricated, Speer 
carbon and graphite parts can be pro- 
vided in almost any size and shape to 
your exact dimensional tolerances. If 
you have a design problem involving 
high temperatures, examine the advan- 
tages—and economies of Speer Carbon. 
Speer’s knowledge and experience is 
yours for the asking—mail the coupon 
today for further details. 


co--c--neee94 


PEER (2 «num 


Please send information on carbon for use in 


Nam 
ee 
Company 


ODO OUR eens 


a 
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specially alloyed hard-bronze hub to 
prevent flux leakage to shaft. Available 
in eight sizes from 3.3 to 11.5 in. diam. 
Capacity range, % to 34% hp (at 100 
rpm) with maximum torque ratings of 
14.5 to 1812 lb ft. Clutch licensed from 
German firm of Ortlinghaus. Twin Disc 
Clutch Co., Racine, Wis. >558 


INERTIAL-DAMPED 
SERVO MOTOR 


Size 15 high-temperature servo motor 
Type T1311-22 operates at tempera- 
tures from —54 to +200 C. Unit con- 


sists of standard servo motor to which 
a drag cup (integral with a rear shaft 
extension) has been added for damp- 
ing. No other damping used. For both 
fixed and controls phase, voltage is 115 
at 400 cps; current at stall, 110 ma; 
power input, 6.1 watts. No-load speed, 
4500 rpm; stall torque, 1.45 in.-oz. 
Kearfott Co., Inc., 1500 Main Ave., 
Clifton, N. J. >559 


SILICON-JUNCTION 
COMPUTER DIODE 


The MA-4223 computer diode is de- 
signed for use in computer circuits 
which require low capacity and fast- 
recovery-time components. When 
switched from forward bias (with 10 
ma current flowing) to reverse bias of 
—5 volts, complete recovery time is 4 
millimicrosec max. Forward current 
(steady-state d-c), 50 ma; peak surge 
current (1 sec), 100 ma; reverse volt- 
age (steady-state), 30 volts d-c; power 
dissipation, 100 mw. Operating tem- 
perature, —65 to +100 C. Glass-pack- 
aged diodes have axial wire leads. 
Microwave Associates, So. Ave., Burl- 
ington, Mass. > 560 


NEOPRENE COMPOUND IN 
TAPE FORM 

“Neofil” tape is substantially thicker 
than standard tapes (4% in. thick) and 
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DIALL 


molding compounds 
CHEMICAL 
RESISTANCE 
GREATER 

than any other 

comparable 

molding compounds 


Recent tests of Mesa Diall 
molded parts in different 
chemicals show unusually 
high resistance to chemical 
disintegration. In the field, 
a Mesa Diall compound 
shows indefinite resistance 
to 45% solution potassium 
hydroxide...other plastic 
materials actually fell apart 
within 2 months on 
exposure to this solution. 


Write Today for test data 
on chemical resistance of 
Mesa Diall! When you need 
chemical resistance ... 
specify Mesa DIALL! 


Remember DIALL... 

Easy to Mold 

Easy to Machine 

No Post-Mold Shrinkage 

Resistant to Solvents 
and Corrosives 

Unaffected by Moisture 

Fungus Proof 

Does Not Corrode Metals 

All Colors Available 


Please address all inquiries regarding 
Diall molding compounds to 
MESA PLASTICS COMPANY... 
12270 Nebraska Avenue 
Los Angeles 25, California 
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An important breakthrough in fastener design a good 
many years ago was the common paper clip. And, although 
DOT is not a manufacturer of paper clips, many a DOT 
industrial fastener has had an equally revolutionary effect 
on modern fastening technique. Hundreds of different DOT 
fasteners have created relatively minor revolutions in 
specific industries. 

A DOT fastener may save a few man-minutes of labor. 
It may save material. Or it may improve product perform- 
ance and hence saleability. But multiply each small im- 
provement by the units in a true mass-production operation 
and the savings really pile up to impressive proportions. 
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Rather than spend your own design staff's time on fasten- 
ing problems, it might pay you well to call in DOT. You'll 
have at your service a design and production organization 
with large-scale facilities for genuine mass-production of 
special-purpose fasteners and self-fastening devices of all 
kinds. 

Supplementing the Carr Fastener Company are a number 
of other plants which form the United-Carr Fastener group. 
They are located in the principal production centers of the 
United States, Canada, England and Australia. Your nearest 
United-Carr field office (see below) is no further away than 
a telephone call from your desk. 


CARR FASTENER COMPANY 


Division of UNITED-CARR Fastener Corp., Cambridge 42, Mass. 


% 
e 
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Offices In: 


Atlanta, Boston, Chicago, Cleveland, Dallas, Detroit, Los Angeles, New York, Philadelphia, Syracuse 
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AN IMPORTANT 


ELAY 


219 Frame Relays, using heavy duty 12-pin plugs and 
sturdy industrial-type phenolic sockets, are Dunco’s 
answer to the need for industrial control relays that 
are large enough, but not too large; fully dependable, 
but moderately priced. Designed for long, reliable 
contact life on relaying loads, they have proved out- 
standingly successful on laboratory-type “tail chas- 
ing” circuits and on machine control installations. 

Dunco 219 Frame Relays have 10-ampere current 
carrying parts; 150-volt electrical spacings of 14” 
over surface and 1%” through air; and withstand 
1500-volt dielectric test. Three standard contact 
arrangements available at minimum prices facilitate 
control circuitry standardization and simplify field 
maintenance replacement problems. 


Write Today for Dunco Engineering Bulletin 2219. 


Member, National Assn. of Relay Manufacturers 


TRUTHERS- DUNN 


World’s largest selection of relay types 


STRUTHERS-DUNN, Inc., Pitman, N. J. 


VY 
Sales Engineering offices in: Atlanta + Boston + Buffalo + Charlotte 
‘& Chicago + Cincinnati + Cleveland + Dallas + Dayton « i 


Kansas City + Los Angeles + Montreal + New Orleans + 


* 
York + Pittsburgh + St. Louis + San Francisco + Seattle + Toronto 


Circle 341 on page 17 





industrial control 





produces a solid layer of insulation 
with one wrap and requires no cover- 
ing tape. Tape fuses rapidly on applica- 
tion into a single mass of insulation, 
which can be shaped and molded by 
hand to conform to irregular shapes 
and contours. Tape is resistant to hy- 
drocarbons and weathering. It is also 
self-extinguishing. Individually boxed 
in rolls 1% in. wide by 5 ft long by % 
in. thick. Bishop Manufacturing Corp., 
8 Canfield Rd., Cedar Grove, New 
Jersey. >561 


DIGITAL READOUT 
INDICATOR 

In-line, in-plane three-in. digital read- 
out uses selective group switching. 
Switching circuit for displayed char- 
acters consists of resistor and capacitor 


matrix and neon bulbs. Model SGS-103 
requires 21% in. behind panel. Multiple 


| units may be arranged in line occupy- 


ing 3 x 4 in. of panel space per digit; 


| displayed characters are 2 x 3 in. 


Operating voltage is 350 volts a-c or 


| d-c. Eleven inputs are provided, com- 


mon and 0-9; decimal point available 


| if desired. Indicator adaptable to ap- 
| plications such as: digital meters, 
| clocks, displays, indicating oven tem- 


peratures. Electronic Equipment Div., 


| L.D.E.A., Inc. 7900 Pendleton Pike, 
| Indianapolis 26, Ind. >562 


PHOTOCONDUCTIVE CELL 


The 7536 is a small, cylindrical, side-on 
type of cadmium-sulfide photoconduc- 
tive cell for use in a variety of indus- 
trial light-operated-relay applications. 


| Illumination sensitivity is 300 pamp 
| per ft-candle at 25 C; max current 


capability of 1000 pwamp and max 


| power-dissipation rating of 50 mw. 


(Continued on page 340) 
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The ‘Inside ” of Power 


Be Da atts A ial Sted 
eh aa has, : 


IRC RESISTEG RESISTOR BEFORE COATING. Note IRC RESISTEG RESISTOR CURED AT LESS THAN 
the precision winding of heavier gauge wire... no un- 208°F. No shifting together or change in position of 
even spacing... no chance for arcing-over. wires...no ‘“‘work-hardened” after-effect. 


# 
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OTHER POWER RESISTOR COATINGS CURED AT IRC RESISTEG RESISTOR USES HEAVIER WIRE. This 
1200°F OR HIGHER. Note the shifting together and un- increases heat transfer from interior of resistor, mini- 


even spacing of lighter gauge wire that results during 
high temperature curing. 


HOW LOW TEMPERATURE CURING 
OF IRC RESISTEG COATING 
PROTECTS YOUR EQUIPMENT 


Because IRC’s exclusive RESISTEG Coating can be cured 
at temperatures less than 205°F—nearly 1000° lower than 
coating of other resistors— your equipment is protected by 
resistors that maintain their full rating. No shifting to- 
gether of winding turns during curing ...no changes in 
wire positioning . . . no ‘“‘work-hardened”’ wires due to com- 
pensating for expected shifting . . . no hot spots from 
arcingover. Just quality resistors that need no derating— 


even at high values—and are more stable over longer life. 
Write for Catalog C-1c! 


INTERNATIONAL RESISTANCE COMPANY + Dept. 293, 401 N. Broad Street, Philadelphia 8, Pa. 
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ENGINEERS — Electrical, Mechanical, Industrial 


WESTERN ELECTRIC 
Is Augmenting 


Its Professional Staff 


Western Electric has openings for men of superior pro- 
fessional ability. Present areas of activity that afford 
opportunity to utilize your full technological skills are: 


= NIKE ZEUS ANTI-MISSILE MISSILE SYSTEM ® MISSILE 
GUIDANCE SYSTEMS ® ASSOCIATED GROUND CONTROL 
RADAR SYSTEMS ® FIRE CONTROL RADAR ® UNDERWATER 
DEFENSE SYSTEMS ® DIGITAL COMPUTERS ® WAVEGUIDES 
AND GYROS ® HIGH PRECISION ELECTRONIC COMPONENTS 


AND SoLiD STATE DEVICES 


You are invited to discuss with us how your previous 
training and experience can fit you for an important 
career position in one of these engineering areas: 


Development 

Project 

Test Planning 

Test Set Design 

Pilot Line Manufacture 


Tool Design 

Product Design 
Standards 

Technical Publications 
Field Engineering 


eeee?es. 


Also Openings For: 


@ Technical Writers 
@ Engineering Associates 


Positions are available at these Western Electric Locations: 
Winston-Salem, Greensboro and Burlington, North Carolina 
Laureldale, Pennsylvania and Whippany, New Jersey 


For a personal interview in your area or at one of the 
above locations, address your resume to: Mr.T.R. Lannon 
Engineering Employment Manager, Dept. 924C. 


MANUFACTURING AND —@) UNIT OF THE BELL SYSTEM 


Lexington Road, Winston-Salem, North Carolina 








Photo-sensitive area is 0.2 x 0.02 in. 
Voltage applied between terminals may 
be to 200 volts. Spectral response, 3300 
to 7400 A approx. Radio Corp. of 
America, Electron Tube Div., Harrison, 


N.J. > 563 


GROUNDING 
TERMINAL SCREW 


Self-tapping screw is designed for use 
with appliances requiring electrical 
grounding protection. Reaming point 
removes porcelain enamel, paint or 
other finishes from hole, Pre-assembled 
tab washer, with legs adaptable to 
various ground wire sizes, retains 
grounding wire loop. Screw is 10-24 
size, % in. long with %e slotted hex 
head. Meets UL requirements. Shake- 
proof Div., Illinois Tool Works, St. 
Charles Road, Elgin, Ill. > 564 


MINIATURE RECTANGULAR 
CONNECTORS 


Environmental connectors Series WP 
feature stainless-steel shells, molded 
sealing gaskets and_glass-fiber-filled 
jackscrews to exceed requirements of 


MIL-C-8334 and to mate with existing 
MS types under this specification. 
Closed-entry beryllium-copper contacts 
pass MIL-C-5015 test-prod damage test. 
Available up to 104 contacts, with face- 
sealing gaskets for higher voltages at 
higher altitudes. Insulation is glass- 
filled diallyl phthalate. Airborne Con- 
nectors, Inc., 2918 Manana Dr., Dallas, 
Texas. >565 


SOLDERLESS COAXIAL PLUG 


R-F coaxial plug uses a_ simplified 
crimping method for assembly. Plug, 
designated the Crimpee, is interchange- 
able with Military PL-259 plugs ,and 
mates with SO-239. Available for five 


| cable sizes: RG-8/U, 9/U, 11/U, 58/U 
| and 59/U. Connector is assembled by 
| crimping cable braid (with a tool) be- 
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ELLLLLL LL LEAL 


TO BUSINESSMEN... 


YEOLAC 


THE TOUGH, HARD ABS puastic 
from BORG-WARNER 


New Compactness, Modern Functional Design, Built-In Versatility... 


are the features of the new 18- or 30-button 
Call Director. Simply push a button for regu- 
lar telephone service, plus interoffice calls, 
multi-line pickup, conference calls, signalling 
and other special requirements. 

CYCOLAC was specified for housing and 
handset by Western Electric because of its ex- 
cellent qualities of rigidity and rugged tough- 
ness. The handsome colors add much to the 


decor of today’s modern office—the hard, stain- 
resistant surface makes it possible to maintain 
this appearance. CYCOLAC provides maximum 
serviceability yet affords important economies 
in production. 

For these reasons, CYCOLAC ABS plastic 
is playing an ever more important role in the 
design of new products for modern business 
and industry. 


CYCOLAC...better in more ways than any other plastic! 


PACESETTER IN 


Marbon 
CHEMICAL 


Division of BORG-WARNER + Washington, W.Va. "op 


also represented by: 
WEST COAST: Harwick Standard Chemical Co., Los Angeles, Cal. 
CANADA: Dillons Chemical Co. Ltd., Montreal & Toronto 


EXPORT: British Anchor Chemical Corp., New York 


SYNTHETIC RESINS 


Circle 146 on page 17 





improve 
Dielectric Strength 
with 
WEST VIRGINIA 


PRESSBOARD INSULATION 


Three grades, each combining low cost 
with the higher dielectric strength a de- 
sign engineer wants in insulation. 

Excellent physical and chemical prop- 
erties. Made of 100% virgin kraft pulp 
from our own pulp mill. This assures uni- 
form quality, no metallic particles. 

Available in a range of thicknesses. 
Widely used to replace more costly types 
of insulation. 


PRESSITE ... an Absorbent Board 
Unsized. For air, oil, and askarel trans- 
formers; also meets capacitor specs. 
Thicknesses: .031” to .250”. 
Color: natural kraft. 


ELECTRITE...a Hard Board 
For all kinds of punchings. 
Natural rosin sized to resist moisture. 
High tensile strength. 
Thicknesses: .031” to .187”. 


DENSITE ... an Extremely Hard 
Board 

For a variety of punchings. 

Sized for moisture resistance or unsized 
for applications in oil. 

Higher tensile strength. 

Thicknesses: .031” to .125”. 

Color: natural kraft. 


Ask for Underwriters Laboratories report 
#E3987. Write Board Products Sales, West 
Virginia Pulp and Paper Company, 230 
Park Avenue, New York 17, New York. 


West Virginia 
Vv Pulp and Paper 


Visit our booth, No. 88, at the Insulation Conference 
December 8-10, Shoreham Hotel, Washington, D. C. 
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tween two concentric ferrules, which 
are placed over cable jacket. In labo- 
ratory tests, 101.5 lb of force needed 
to separate cable from plug. Cannon 
Electric Co., Box 3765, Terminal An- 
nex, Los Angeles 54, Calif. > 566 


HIGH-TEMPERATURE 
POTTING COMPOUND 
Electrical potting compound and ad- 


hesive Type 1501 is designed for use 
at temperatures up to 1500 F. A 1-in. 


cube requires approx 6 hr at 180 F | 
for cure. Temperature range is —65 to | 
+1500 F. Adheres to metal, glass, | 


ceramics, but not rubber. Potting com- 
pound is not sensitive to thermal shock 
when cured. Orell, Inc., Box 527, South 
Gate, Calif. 


LIQUID SPRING 


Model 2040 spring using liquid com- 
pressibility to produce a 40,000-lb force 
on a 14-in. stroke is in a package of 
2% in. diam and 5 in. length. Interior 


shock-absorber action may be added 
without changing overall dimensions. 


Available up to 60,000 lb or 15,000 in.- | 


lb of energy absorption. Spring rate is 


120,000 Ib/in. of deflection. Mounting | 
method on model illustrated is a stud | 


1 in. long; other mountings such as pin 
eyes, clevises or trunnions are offered. 
Taylor Devices, Inc., 188 Main St., 
North Tonawanda, N. Y. >568 


RESISTOR-MOUNTING 
TERMINAL BOARDS 


Eight-lug boards are \e¢-in.-thick glass | 
fiber impregnated with melamine resin | 





>567 








IT’S NOT 
“HOW THIN” 


si oe 


BUT 
HOW EXACT! 


With the recent trend in strip metal 
towards thinner and thinner gauges, 
Somers, a pioneer in thin strip for 
nearly 50 years, is naturally among 
the leaders in rolling ultra-thin strip. 
But in addition to rolling production 
quantities of strip as thin as can be ob- 
tained anywhere in the world, Somers 
utilizes exclusive techniques and equip- 
ment to make sure that every foot 
of metal is up to the most exacting 
standards. 


1. Accu-Ray nuclear 
gauging to assure ab- 
solute uniformity of 
thickness throughout. 


2. Unique rolling mill 
for strip from .001” 
down, makes possible 
extremely close con- 
trol of the final pre- 
anneal temper, and 
uniform accuracy of 
the final temper. 


3. Experience exclu- 
sively with thin strip 
metals gives Somers 
an unmatched back- 
ground in engineering 
ultra-thin strip to meet 
all special require- 
ments. 


NEARLY 
FIFTY 
YEARS 


a EXACTING STANDARDS On 
‘ ly 


Somers Brass Company, Inc. 
112 BALDWIN AVE., WATERBURY, CONN. 
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A New Kind of D-c. Motor With DYNAMIC RESPONSE 


THE RELIANCE SUPER ‘T’ 


Here is a motor built to make maximum 
use of d-c. flexibility. The Super ‘T’ puts 
Dynamic Response into starts, stops, and 
speed changes. Dynamic Response gives you 
a 50% increase in torque and a 50% decrease 
in reaction time. 


This top performance is due to advanced 
balanced design. Lighter, small diameter 
armatures cut mechanical inertia 50%. Su- 
perior Class B insulation, gives extended 
life even at temperatures as great as 130°C. 


Top grade insulation plus engineered ven- 
tilation lets the Super ‘T’ take tremendous 
overloads. In fact, the Super ‘T’ can develop 
double normal horsepower during starts, 
stops, and speed changes. 


The Super ‘T’ is a compact power pack- 
age, designed inside and out for tough 
industrial service. From appearance to per- 
formance, the Reliance Super ‘T’ with 
Dynamic Response is today’s most modern 


industrial motor. 
C-1577 


CANADIAN DIVISION: TORONTO, ONTARIO 
Sales Offices and Distributors in Principal Cities 


RELIANCE -tncincteine co. 
REEVES ) DEPT. 2711A, CLEVELAND 17, OHIO 


NOVEMBER 1959 Circle 344 on page 17 





and are available in three sizes. Board 
1450 is 7% x 732 in. with terminal rows 
14 in. apart; Type 1451 is 1 %2 x 1 %e 
_ in. with terminal rows 34 in. apart; 
| Type 1452 is 114 x 1542 in. with terminal 
rows 7% in. apart. Terminals extend 
%4¢ in. above boards. Each board has 
grounding strap swaged to mounting 
studs for positive r-f grounding. All 
Ul Fi M t a 7 metal parts are brass per QQ-B-626 

Attach Leads to tra- ine agne ire ® | 1% hard. Mounting studs have cadmium 
. | plate plus Iridite. Terminals have silver 

Sure!! ees and Economically plate plus water-dip lacquer. Cambridge 
| Thermionic Corp., 445 Concord Ave., 

Cambridge 38, Mass. ->569 





Send for samples illustrating how Deluxe Coils’ 
advanced engineering and manufacturing know-how can TRANSFER-MOLDING 
supply miniaturized coils (48-56 gauge wire) with leads. GLASS aaneDED MICA 
Cut your scrap and termination problems. - 

| Transfer-molding-grade, high-tempera- 

DELUXE COILS, INC. | ture glass-bonded mica for 1100 F 

POST OFFICE BOX 318 ° WABASH, INDIANA | operation is designated Mykroy 20-7. 
Can be molded to close tolerances with 

ee ee wd a a dee ae excellent dimensional stability. Specific 

gravity, 2.4; volume resistivity at 1100 
F, greater than 1 megohm (greater 
than 1 million megohms at room tem- 
perature). Stainless steel, monel, or 
nickel inserts may be molded within 


eee 2 Speed and areal | material. White compound may be 
A 


custom molded to wall thicknesses of 


saan COIL WINDING less than 0.060 in. Electronic Mechan- 


RADIUS rc “ Inc., 101 Clifton Boulevard, “ae 





PTT VaR eit a MINIATURE POWER 
q Not Die Formed “a SUPPLIES 


bith ae go Line of power supplies and converters 
S/n ee uses transistors. Model 150S003-2 pro- 
vides 150 volts d-c from input of 102 to 


ANY SIZE—SQUARE OR RECTANGULAR 


PARAFORMED paper tubes simplify coil winding 
operations and speed production, yet cost no more. 
: In the exclusive PARAFORM method of tube 
No sharp outside edges making, no artificial heat or pressure is used— 
to cut wire ; : 
Paraforming takes place at the time of spiral 
No need for wedges to : : c ian = 
tighten wire winding. Hi-Dielectric. Hi-Strength. Kraft, Fish 
Permits winding coils Paper, Acetate, Red Rope or any combination 
to closer tolerances wound on automatic machines. Produced from 
alc stock arbors or special sizes engineered for you. 
Allows faster stacking Can also be supplied in regular or with slight bow. 
of wound coils 


a: rp %y oo 
can 
Paramount ye 
PAPER TUBE CORP. letterhead for 


612 LAFAYETTE STREET, FORT WAYNE 2, INDIANA ae naa 
OVER 2000 SIZES 
Manvfacturers of Paper Tubing for the Electrical Industry Since 1931 
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WESTINGHOUSE SILICON POWER TRANSISTORS 


2N1015 
2N1016 


150 WATT POWER 
P 
Meat alte 


Vee VOLTS 


+ me i 
Ic AMPE Pa _ 


|| eel 


TRUE VOLTAGE RATINGS 


Guaranteed by 100% power testing 


This Power-voltage Test consists of testing the transistor 
in common emitter configuration under all bias conditions 
in the area defined by the TRUE voltage rating of the 


transistor (Vcr); the constant power dissipation curve 
for the transistor (150 watts); and its rated current (2 
amps for 2N1015 and 5 amps for 2N1016). 


The voltage at which alpha equals one, and other voltage 
ratings commonly given for transistors such as Vcogs, 
Veer, Vcex and Vego, are above the voltage rating given 
to these transistors. 


Each Westinghouse silicon power transistor has been com- 
pletely tested throughout its rated voltage-power-current 
region before shipping. Thousands of transistors perform- 
ing under all types of operating conditions have proved the 
validity of this method of TRUE voltage rating. 


TRUE voltage ratings from 30 to 200 volts give you com- 
plete freedom in designing your equipment—you can op- 


erate Westinghouse silicon power transistors at the manu- 
facturer’s ratings without risking transistor failure. This 
TRUE voltage rating of Westinghouse silicon power tran- 
sistors coupled with their still unequaled low saturation 
resistance and low thermal drop makes them an ideal first 
choice for military, industrial and commercial applications. 


em Tm Fo a 


2N1015 

2N1015A 10 .75 ohms 

2N1015B @\c=2 amp Ok=2 amp 7.5 150°C 
2N1015C = 

2N1015D } 200 

2N1016 

2N1016A 10 

2N1016B @ic=5 amp | @ le= 

2N1016C 

2N10160 


*TRUE voltage rating (The transistors can be operated continuously at the VcE listed for 
each rating.) 


you CAN BE SURE...iF rs Westi nghouse 


Westinghouse Electric Corporation, Semiconductor Department, Youngwood, Pa. 
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e True cold punching 


mu mest cs 


OMe (Lis 
cleaning compounds 


e Excellent blister 


resistance 


(500 F, 40-60 sec.) 


RICHARDSON’S RADICALLY 


NEW LAMINATE 


* 


Combined Properties Ideal for Copper-Clad 


Here is a radically new and different series of laminated insulating materials 
known as the “MARK TEN” series. This series of laminates has unique 
properties which are chemically built-in and are not degraded during normal 
manufacturing processes. Rigidity and flexural strength are high as com- 
pared with other cold punch laminates. Intricate shapes can be punched at 
room temperatures and lower. 

As a copper-clad laminate, “MARK TEN” 10-01 introduces the most 
unusual combination of properties ever known to the laminated plastics 
field. Besides being a true cold punch material it has unusual resistance to 
organic cleaning compounds . . . it withstands blistering in solder at 500°F 
for 40-60 seconds or at 550°F for 10-20 seconds . . . and it averages 7-9 lbs. 
bond strength. 

This ‘‘MARK TEN” laminate is chemically engineered with the printed 
circuit manufacturing process in mind and is designed for most efficient 
production of printed circuits as well as other products. 

“MARK TEN” 10-01 is Richardson’s latest addition to its well known 
line of INSUROK® laminates. As the first grade in this series, it is available 
both plain and copper-clad. Exceeding NEMA XXXP and MIL-P-3115B 
Type PBE-P requirements, “MARK TEN” 10-01 has excellent stability in 
both dimensions and electrical properties over a wide temperature range. 

You are invited to request further information and a sample. Write .. . or 
phone today . . . Chicago phone MA 6-8900. 


*A Trademark of The Richardson Company 


THE RICHARDSON COMPANY 


LAMINATED AND MOLDED PLASTICS FOUNDED 1858 
DEPT. 43 + 2799 LAKE ST. + MELROSE PARK, ILL. + SALES OFFICES IN PRINCIPAL CITIES 
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124 volts, 400 +20 cps. Ripple of 12-0z 
unit is 150 mv peak-to-peak. Model 
PS272 provides 180 volts d-c from in- 
put of 24 to 32 volts d-c. Ripple, 0.5 
per cent rms for 16-0z supply. Arnoux 
Corp., 11924 W. Washington Blvd., 
Los Angeles 66, Calif. ->571 


POTENTIOMETER WITH 
ELECTROMAGNETIC CLUTCH 


Model 120 is a 114 cu in. package con- 
sisting of an electromagnetic clutch 
and rotary film potentiometer as one 
assembly. Purpose of device is to pro- 


vide an output potentiometer-transducer 
which can be engaged (with minimum 
angular error) to servomechanism gear 
train when energized by external com- 
mand signal. Engagement time, under 
20 millisec; running speeds, to 1000 
rpm. One-in. diam unit pictured is 
available with linearities to 0.15 per 
cent and resistance between 1 k and 
200 k ohm. Resolution, better than 1 
part in 40,000 with life in excess of 
ten million rey. Computer Instruments 
Corp., 92 Madison Ave., Hempstead, 
aS) ae 572 


SOLID-STATE DIGITAL 
MODULES 


Series 200 “Logiblock” module build- 
ing blocks include Nor circuits, flip- 
flops, one-shot multivibrators, blocking 
oscillators, coupling circuits and drivers 
for indicators or electromechanical de- 
vices. Input and output characteristics 
of most frequently used units are al- 
most identical. Each modular unit can 
perform several functions by using 
different connections on socket. Blocks 
rated to operate at 200 ke although 
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Engineered wire for engineered products supported by complete factory stocks 


JUST PUBLISHED... 
New Belden Lead Wire Catalog 


New 8-page catalog illustrates and describes the complete line of 

Lead Wire... by Belden. Includes sizes, colors, packages, and UL and CSA 
ratings. All listings indexed by application for easy use and proper 

wire selection. Send for your copy of Catalog L59. 


one wire source for everything electrical and electronic 


BELDEN MANUFACTURING COMPANY magnet wire * lead wire * power supply cords * 
P. 0. Box 5070-A, Department 1 be cord sets * portable cordage * electronic wire * 


Chicago 80, Illinois WIREMAKER FOR INDUSTRY automotive replacement wire and cable °* aircraft 
SINCE 1902 wire * electrical household replacement cords 
3-1-9 CHICAGO 
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EPL proximity 
transducer system* 
ups gear production 


1,552,400 
units per year! 


Contro: unit, cable 
and proximity 
pickup* 

*PAT. 2,063,538 


Automatic gear cutting machines in one 
of Michigan’s leading automotive plants. 


400% increase 
over manual feed! 


Automatic gear production line in 
this plant is monitored by 300 
proximity transducers that make 
stock blank feeding completely au- 
tomatic. When this system was 
started in 1957, production figures 
jumped considerably. 

It’s obvious that production in- 
creases like this give tremendous 
Savings in time and labor costs. 
EPL systems can do the same for 
your operation—investigate today! 


Other Industrial Uses 


e Automatic Production Lines e 
Conveyors « Parts Feeders « Print- 
ing Equipment + Machine Tools 
e Packaging Machines 
Write for free descriptive 
literature now! 


Evectro 
Propucts 
LaBorarories 


4501-M Ravenswood 
Chicago 40, Ill. 
Canoda 

Atlas Radio Ltd., 
Toronto 


Sensing Elements 
for Control, 
Counting, 
Speed and Displacement 
Measurements 
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some operate at 400 ke or higher. Volt- 
age needed, —12 and +6 volts, but 
special units can be provided. Tem- 
perature range, —10 to +55 C. Wang 
Laboratories, Inc., 12 Huron Drive., 
Natick, Mass. 573 


INDUSTRIAL CYCLE TIMER 


Designed for interrupting electric cir- 
cuits on prearranged time settings, this 
cycle timer can be used to set up any 


sequence of on-and-off combinations 
within basic cycle of 150 sec. Unit is 
suitable for sequential control of ap- 
pliances, coding signals, laboratory 
and industrial processes and pulsing 
circuits such as in motor control. Con- 
tacts, 15 amp at 115 volts a-c. Dual 
and multi-circuit models available. Sig- 
natrol, Inc., 2nd & Spelter Sts., Dan- 
ville, Tl. >574 


HYDRAULIC-MAGNETIC 
CIRCUIT BREAKER 


Molded-case 200-amp circuit breaker 
is known as the SE33, and is a compact 
two-pole unit. Poles are located in 
separate sections within common case 
to provide effective electrical separation 
of breaker contacts. Poles are linked 
externally by single handle. Magnetical- 
ly actuated breaker reacts only to load- 
current changes produced in a solenoid 
sensing coil. Ambient temperatures have 
no effect upon breaker’s current rating 
or trip points. Controlled inverse time 
delay is created by hydraulic timing 
element located in breaker’s solenoid 


coil. Rated at 120/240 volts a-c, the 


To join two parts as one... 


THE SOLID GROOV-PIN 


Every one of the Groov-Pins shown here 
was designed with your pin problems in 
mind. Designed to withstand the rigors 
of constant shock and vibration without 
loosening...to drive easily into a simple 
drilled hole... for faster hand or produc- 
tion feeding, including hopper feed...for 
a permanent connection that stands up to 
vibration fatigue as only a solid pin can. 

Groov-Pins are made to meet your 
requirements, too. Standard sizes run 
from %2 to %”, specials to fit your needs 
at standard prices over 5,000 pieces. 
Send for illustrated catalog, free samples. 


eeeeeevoevoeoeeoeoeaeeeee eeeveeee ee 


LOCK IT 
Locking pin 
can't shake loose 


LINK IT 
Positive linking 
at any angle 


No matter what your pin problem, 
there’s a Groov-Pin to solve it for you. 


GROOV-PIN 
CORPORATION 


1128 Hendricks Causeway 
Ridgefield, New Jersey Witney 5-6780 
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For ALNICO MAGNETS—Stock or Special 
Specify “ARNOLD” 


VWaterials 


Cast Alnico Magnets are most 
commonly made in Alnico V, VI or 
III. Sintered Alnico Magnets us- 
ually are made in Alnico II, V or 
VI. Special permanent magnet ma- 
terials suplied by Arnold include 


Vicalloy and Arnox III and V, 


Engineering Data 


Write for your copy of Bulletin 
GC-106C, a general catalog of all 
Arnold products. It contains useful 
data on the physical and magnetic 
properties of Alnico magnets. Lists 
stock items and standard toler- 
ances for cast and sintered mag- 
nets—also stock sizes and pertinent 
data on tape cores, powder cores, 
C & E cut cores, etc. 


ADDRESS DEPT, EM-911 
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our best bet for a source of Alnico 

permanent magnets and assemblies is 
Arnold—producer of the most complete 
line of magnetic materials in the industry. 
We can supply your need for any size, 
shape, or type of Alnico magnet. Weights 
range from small sintered parts weighing 
less than a gram to large castings of 80 
lbs. or more. 

Special assemblies such as rotors, travel- 
ing wave tube and magnetron magnets, 
etc., may be supplied aluminum-jacketed 
for easy mounting and added protection 
of the magnet—and magnetized and sta- 
bilized as desired. Large magnet assemblies 


may also be supplied for mass spectrometer 
and other measuring applications, where a 
high degree of stability and uniformity of 
field is required. 

For your convenience, we Cafty a wide 
range of the more popular sizes and types 
of Alnico magnets in stock for immediate 
shipment. Unsurpassed plant facilities 
assure quick delivery of all special orders. 

@ Let us handle your permanent magnet 
requirements, or any tape core, powder 
core or other magnetic material specifica- 
tion you may have. Get in touch with 
The Arnold Engineering Company, 
Main Office and Plant, Marengo, Il. 


7613R 


wARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES 
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MAKE YOUR SELECTION FROM 
aos RELIABILITY" 


THE 


Three Terminal, 25 Watt 
Type A Rheostats — 


Functions smoothly as a rheostat or 
potentiometer under adverse operatin 
conditions. Strong, corrosion resistan 
terminals are welded to winding form. 
Vitreous enamel makes wound ring 
integral part of refractory base. 


Three Terminal, 25 Watt 
Type AM Rheostats — 


Rugged, compact components with ex- 
cellent heat dissipating characteristics. 
Feature porcelain, vitreous enamel con- 
struction with resistive element wound 
on a fiat, pure mica form within the 
refractory base. Circuit elements fully 
insulated from other parts. 


LINE 


Type AMS Rheostats 
with Screw Terminals 


This H-H quality component is essen- 
tially the same as Type AM except for 
terminais which are screw type. The 
25 watt AMS incorporates all the me- 
chanical and electrical advantages of 
Type AM rheostat. 


50 to 1000 Watt 
Type H Rheostats — 


Comply with MIL-R-22 Specifications. 
H-H high temperature enamel provides 
maximum safety under overloading. 
Bus-bar design for ample resistance and 
safety at maximum current. Constant 
pressure contact assures trouble-free 
operation. 


Ruggedized H-H Resistors — Hardwick, Hindle Gray Line 
Resistors are available in fixed, adjustable, ferrule and axial lead types 
for all commercial and military applications. Super-rugged design assures 
complete dependability. All rheostats available with de- 


tent ‘‘off’’ position and solderiess quick-connect terminals. 


— 
— 


{scony @ } 
{ carmog | MME 


Available Nation-wide at authorized H-H distribu- (moms a | 


tors. Call or write for catalogs and complete information. 


of Quality 
since 1924 


350 


Da wes 


HARDWICK, HINDLE - INC 


40 HERMON ST., NEWARK 5, NEW JERSEY 
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| No., Minneapolis 1, Minn. 


breaker interrupting capacity is 10,000 
amp. Offered in standard ratings of 
125, 150, 175 and 200 amp. Heinemann 
Electric Co., 358 Plum St., Trenton, 
N.J. >575 


SOLID-STATE CRYSTAL 
OSCILLATOR 


Type DFO-10 oscillator is available at 
| any frequency from 3 to 100 mc in 
a package 1 x 1 x 1% in. tall. Circuit 


is encapsulated with Silastic RTV 501. 
Silicon transistorized unit provides fre- 
quency stability of 50 ppm over —55 
to +90 C ambient. Output power, 0.1 
mw min. Load impedance, 50 
| (available to 600 ohms). Supply volt- 
age as specified, 20 to 30 volts. Delta-f, 
Inc., 113 E. State Street, Geneva, IIli- 
nois. >576 


ohms 


RESISTANCE THERMOMETER 


Model S-22 provides operation from 
|—100 to +500 F. Thermometer has 
| resistance of 470 ohms at 32 F, which 
| varies at rate of approx 1 ohm per deg 
| F. Small mass and size result in rapid 


| response to transients and changes in 


temperature. Platinum sensing element 
is potted in stainless steel case. Cali- 
bration accuracies of +14, 1% and 1 
per cent available from stock. Minco 
Products, Inc., 740 Washington Ave. 
+577 


Laboratory and Engineering Equip- 
ment starts on page 353. 


Postcard return cards are provided on 
page 17 as a convenience to the reader 
in obtaining further information on— 

New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 





Advertised Products 
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What 
shape 


quality 
fastener? 


Here is a handful of ELASTIC STOP® nuts. Each has ESNA’s 
familiar red locking collar . . . is self-locking and vibration-proof. 
Each is a readily assembled, one-piece unit. Each provides positive 
protection against thread corrosion . . . prevents liquid seepage 
along bolts. Each is made from the finest of raw materials. Each 
is exactly controlled as to finished dimensions, class of thread fit 
and finish. Each is now in use on critical applications, with a record 
for uniform high quality that is unmatched. 


Most of them are standard parts. Some originated as the result of 
@ specific request for ESNA’s help with an important fastening 
problem. 


Isn’t it logical to call on us with your next fastening problem? 


ELASTIC STOP NUT CORPORATION OF AMERICA 


Elastic Stop Nut Corporation of Ameries 
Dept. N62-1122, 2330 Vauxhall Road, Union, N. J. 


Please send the following free fastening infeamation 


(1 ELASTIC STOP nut bulletin [[) Here is a drawing of our product. 
What self-locking fastener would 


you suggest? 
Te 


RADEMARK 
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THE NATIONAL SCENE 


‘“‘Here’s a boxful of cost-cutting, 
product-improving ideas for you’”’ 


In versatility, performance and cost, Vulcanized Fibre may help crack your next design problem 


For proof, look at this National product and its almost un- 
believable range of uses. To name a few: delicate surgical 
instruments; rail joint insulation for railroads; clothes hampers 
for the home; dense, durable gears and cams; flexible backings 
for abrasive disks; arc chutes for lightning arrestors; motor 
insulation; punched tape for data processing machines; formed 
athletic guard equipment. 

Among engineering materials you'll find National Vulcan- 
ized Fibre unique and surprisingly economical. It weighs only 
half as much as aluminum. It has unsurpassed arc resistance, 
low thermal conductivity, excellent resilience and high abrasion 
resistance. It absorbs sudden and repeated shock and impact 
without failure. And it is available in a fire resistant grade 

After 100 years, users are still finding new things they can do 
to Vulcanized Fibre. It can be machined, polished, painted, 
embossed, lacquered and combined with other materials, such 
as laminated plastic, aluminum, wood, rubber, asbestos or 
copper. It can even be formed or deep drawn into intricate 
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shapes. Available in both standard and special forms and sizes 

Send for our special kit of samples (shown above)—write on 
your letterhead please—and evaluate the design possibilities 
personally. Let us know what use you have in mind. We'd like 
to help. National Vulcanized Fibre Co., Dept. C-11, Wilmington 
99, Delaware. 


1. “Peerless” Electrical In- 
sulation. 2. Embossed, viny! 
finish. 3. Corrugated “‘Peer- 
less” .010. 4. Fibre and 
““Mylar.”"§. Cold embossed 
6. Fibre-Copper, two-sides 
copper. 7. Black Commer- 
cial. 8. Fibre-Laminated 
Plastic, two-sides fibre. 
9. Red Commercial. 10. 
Corrugated. 11. Rod. 12. 
Tube. 13. White. 14. Fibre 
Armored Plywood 
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CHOOSE FROM THESE MATERIALS... 


Vulcanized Fibre: 10 standard grades; 
many special grades. 


PuHenouite® Laminated Plastic: over 80 
standard and modified grades; paper, 
cotton fabric, nylon, asbestos, glass 
fabric, cotton and glass mat bases; 
phenolic, melamine, polyester, epoxy, 
teflon or silicone resins. 


Peertess Electrical Insulation: coil, strip, 
corrugated. 


Extruded Nylon: 2 grades; rod, strip, 
pressure tubing, special shapes. 


Polyester Glass Mat: 4 standard sheet 
grades; custom molded shapes. 


PHenoute Copper-Clad Laminates: 
10 standard grades. 


Combination Materials: Rubber- 
PHENOLITE; Rubber-Fibre; Wood-Fibre; 
Metal-Fibre; Asbestos-Fibre; PEERLESS- 
PHENOLITE. 


BACKED BY THESE SERVICES... 


Field Application Assistance 
Complete Fabricated Parts Service 
Stock Program for Immediate Shipment 


BY CALLING THESE OFFICES... 


.. VAlley 3-0393 
TWinbrook 4-3500 
AUstin 7-1935 
GArfield 1-0632 
ERieview 1-0240 
.DAvis 4-4386 
MAin 3-2077 
UNiversity 3-3632 
8-1308 

WaAlnut 3-6381 
Los Angeles RAymond 3-0291 
Milwaukee BRoadway 6-6995 
New Haven.............. LOcust 2-3594 
Mitchell 2-6090 

| 8 ere re COrtlandt 7-3895 
Philadelphia........... SHerwood 8-0760 
Pittsburgh FAirfax 1-3939 
Rochester Hillside 5-0900 
St. Louis ...PArkview 5-9577 
St. Petersburg sa eae » Pee 
San Francisco DAvenport 6-4667 
Seattle MElrose 2-7298 
Wilmington OLympia 5-6371 


IN CANADA: 

National Fibre Co. of Canada, Ltd. 

I. coca 0 a snag ataseren'e LEnnox 2-3303 
Montreal .... AVenue 8-7536 


KWATFTONAL 


VULCANIZED FIBRE CO. 


Baltimore . 


Indianapolis 


WILMINGTON 
In Canada: 


NATIONAL FIBRE COMPANY OF CANADA, LTD., Torente 3, Ontaris 


99, DELAWARE 
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| with 


| 


| applications, 


Laboratory 


Engineering 
Equipment 


POCKET SLIDE RULE 


Type 1776 five-inch slide rule is made 
of acrylic plastic with 15 etched 


scales: K, A, B, T, ST, S, D, DI, DF, | 





CF, CIF, CI, C, D and L. Leather case 
stainless-steel pocket clip and 
instruction manual provided. Eugene | 
Dietzgen Co., 2425 No. Sheffield Ave., 
Chicago 14, II. >578 | 


| 


SERVO 
INSTRUMENTATION KIT 


Kit contains standard parts usable tor 
constructing a variety of 17% in. diam 
electromechanical instrumentation. Kit 
Model 20-200 contains over 274 pieces 
and provides all necessary parts to 
construct complete servo-mechanisms, 


indicators and analog computing ele- 
ments suitable for use in prototype | 
Mechanisms assembled 
from kit can be sealed in cases con- | 


| forming to MS-33639 (ASG) and can | 


panel mounted, meeting environ- | 
requirements of MIL-E-5272. 
Extra parts as well as completed as- 
semblies also available. Servo Develop- 
ment Corp., 567 Main St., Westbury, 
L. 1, Der ¥: >579 


(Continued on page 354) | 


be 
mental 


From raw material to finished product, she’s 
the expert and the boss at every step. 


For the same reasons, only the com- 
pany who controls the metallurgical 
anh of beryllium copper from raw 
ore to finished strip can assure you the 
most accurate dimensional tolerances 
obtainable commercially, oxide-free 
strip surface for prolonged die life and 
»recise metallurgical properties tai- 
ored to your specific needs. 


The Brush Beryllium Co, and its Penn- 
rold Division offers you the world’s 
most completely integrated facilities 
for the production of the finest pre- 
cision beryllium copper strip rolled 
today. With it, you get complete appli- 
cation and fabrication field engineering 
service, the widest range of sizes(down 
to 0.0005” thick) and the largest coil 
size in the industry (for greater uni- 
formity and faster delivery). 


The same precise metallurgical control 
and complete field engineering service 
is also available to users of precision 
rolled phosphor bronze and other spe- 
cial purpose alloy strip. 


For more information, quotations, or 
fast delivery—call your nearest Penn- 
rold Service Center, today! 


(Precision Rolled Strip 
... Only the best 
meets every test) 


PENNROLD DIVISION 
501 Crescent Avenue/Reading, Pennsylvania 


Service Centers and Warehouses 
Reading, Pa.— FRanklin 5-4361 
Southington, Conn.— MArket 8-5574 
New York, N. Y.— WAlker 5-7500 or Enterprise 6479 
West Paterson, N. J.— CLifford 6-1085 
Philadelphia, Pa.— MOhawk 4.6749 
Pittsburgh & Cleveland— Cleveland, ENdicott 1-5400 
Chicago, Il1.— Gladstone 5-7850 
Detroit, Mich.— TUxedo 4-2530 
St. Louis, Mo.— SHerwood 1-6423 
Greensboro, N. C.— BRoadway 3-5973 
Los Angeles, Calif.— PLeasant 3-5531 
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SLOW MOTION IS OUR BUSINESS 


NEW! 


Brevel“F”’ motors 
have fully-enclosed= 
gear trains; provide 
maximum protection 
of gears against dirt. 


BREVEL 


Phone: WAtkins 4-4737 


Brevel Products Corp. «© 627 West 26th St., New York 1 « 
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SREVEtL 


Designed to give maximum 
power transmission at low- 
est noise level by use of 
specially cut helical gears. 
Optional features — brake, 
clutch, and cooling fan — 
make it suitable for a wide 
variety of applications. Like 
all Brevel Motors, this new 
“PF Motor provides reliable 
power at low cost. 


Write, wire or phone 
today for Catalog 30R. 
You will receive information 


on Brevel’s complete line of 
small gear head motors. 


A. Flange Size 


B. Core 


2%" x 3” 
Size 


Maximum 2" 


® Costly secondary operations 
can be eliminated by incorpo 


rating economical terminal 


designs into the molded part 
Winding rejects resulting from D. 


abi a ha flange rena: elim 


nated 


Cosmo ena: 


Nylon Bobbins 
accurately and economically 
molded to your particular 


Dimensi 
high precision, clos¢ 


7 eae hie lars ona 
stability 
tolerance and reliable Via) 


PTET Tatas) 


ery: 


available 


engineering 
on reques 
ween ens + hae 


prompt actio 


Minimum 
C. Core Length 


5/32” 


1-1/2" 
1/4" 


Meximum 
Minimum 
Wall Thickness 


Maximum 
Minimum 


-093" 
-025" 


SALES DIVISION OFFICES 


Arizona, Cattecnta, Colorado, Connecticut, 


Minnesota, Missour 
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Illinois, Massachusetts, 
New Jersey, Ohio, Oregon, Utah, Washington & 


Michigan, 
Canada 


CLEVELAND 9, OHIO 


CIRCUITRY MOUNTING KIT 


Tool punches terminal holes, mounts 
sockets, swages terminals and rivets 
brackets to terminal boards. Kit 42 


5 


consists of terminals, terminal boards, 
tube sockets, eyelets, staking tool and 
other items. Kit used for construction 
of resistor boards, turrets, plug-in 
units, etc., for prototypes. Staking tool 
punch and anvil are changed to insert 
various terminals, eyelets and _ rivets. 
Alden Products Co., 117 N. Main St., 
Brockton 64, Mass. ->580 


SOLID-STATE A-C VOLTMETER 


Battery-operated, general-purpose a-c 
voltmeter has a useful frequency range 
of 1 cps to 1 me. Model 403A measures 


a-c voltages from 1 millivolt to 300 
volts full scale with accuracy of +3 
per cent from 5 cps to 500 ke; and 
+5 per cent from 1 to 5 cps and 500 
ke to 1 me. Instrument has 12 voltage 
ranges and reads from —72 to +52 
db. Noise is less than 50 microvolts. 
Hewlett-Packard Co.. 275 Page Mill 
Rd., Palo Alto, Calif. >581 


BLACK-BODY 
INFRARED SOURCE 


Controlled infrared source Model 
PE521-4 can be used to measure sensi- 
tivity of infrared detectors and infra- 
red systems or as a reference standard 
to determine remote target tempera- 
ture and emissivity. Radiating element 
of source is pure silver core with 
conically shaped cavity. Cavity coated 
with black refractory material to ob- 
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CONTROLLED 
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— 50 0 +50 +100 +150 + 200 
TYPICAL CONTROLLED RECTIFIER BRIDGE REGULATED POWER SUPPLY 


STUD TEMPERATURE — °C 


Switch 1-Ampere at 125°C 
Stud Temperature 


Now, the high current-high temperature capabilities and 
new small size of the TI 130-Series permits practical use of 
controlled rectifiers in such applications as relays and 
switches in regulated power supplies, light dimmers, servo- 
motor controls, reversing drives and surge voltage suppres- 
sion devices. 


The TI diffused silicon P-N-P-N controlled rectifier has a 
third lead which controls current flow. A low 5-ma current 
fires the device which requires only 0.6 microsecond turn-on 
time. You get guaranteed PIV and breakover voltage ranges 
from 50 to 400 volts and an average rectified forward current 
of 3 amperes at 75°C and I ampere at 125°C stud tempera- 
ture. Maximum operating temperature is 150°C! 


You are assured of uniform reliability through completely 
diffused silicon construction which provides higher power 
dissipation and high sensitivity. 


Contact your local TI representative for immediate delivery 
of TI P-N-P-N controlled rectifiers in production quantities! 


Wie for data folder containing 


complete parameters on Types TI 130, 
131, 132, 133, 134 Diffused Silicon 
P-N-P-N Controlled Rectifiers. 


Available In Hours from your local authorized TI distributor 


germanium and silicon transistors 
silicon diodes and rectifiers 
ranThoap solid tantalum capacitors 
precision carbon film resistors 
sensistor silicon resistors 


Texas J gn 
NE 


INSTRUMENTS 


INCORPORATED 
SEMICONDUCTOR-COMPONENTS DIVISION 
13500 N. CENTRAL EXPRESSWAY 

POST OFFICE BOX 312 + DALLAS, TEXAS 
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tain emissivity approaching unity. 
Source supplied with 0.5 in. diam 
aperture plate; other available sizes 
are interchangeable to within 0.003 in. 
of optical center line. Radiation ob- 
tains cosine distribution over 20-deg 
field within 2 per cent. Temperature 
range, 50 to 600 C. Infrared source 
CLR GRETA RE operates in conjunction with PE521-5 
Tir tp ot ce es temperature controller which main- 
tains selected temperature by propor- 
tional electronic control via _ closed- 
loop servo system. Controlled source 
temperature essentially independent of 
changes in line voltage and ambient 
temperature and can be reset to within 
0.3 deg C. Electro-Optical Div., Perkin- 
Elmer, Norwalk, Conn. >582 


CROSSBAR SCANNER 

Model SC-5F is a modified Type F 
crossbar switch with drive circuitry 
enabling it to connect sequentially a 
six-wire circuit to each of 100 sets of 
six-wire terminals at up to 50 sets 


y | HEAVY DUTY 
v4 


, a a 
sy y a Mg 
, Ss , St Lin* 

er @ 
| € YG 
"Vv. = 


. 8423 


bh Eee) SS-34 SSE T ea 

DP-DT miniature 3P-DOT. 3-amps SP-DT.6 amps 
amp. @ 125v ac-dc @ 125v ac RR eae Lo 

U.L. Inspected U.L. Inspected. U.L. Inspected 


per sec. Six wires can be further di- 

vided into single-, double- and three- 

wire circuits. Typical applications in- 

clude testing and selecting automatic 

circuits and data processing. Unit can 

scan sequentially and at random. Three 

modes of control available: _ self- 

pulsing, external-pulsing and random- 

access (by means of telephone dial). 

Scanner has bridging capacity of 20 

Tee a) er) pf to ground and between conductors. 
ef cae afte. 0 Dabs opty ly sale Breakdown voltage, not less than 1500 
iad aha wha ton tM at had volts a-c between switching conductors 
and frame and across switching con- 

tacts. Conductor resistance through 

longest path, 0.3 ohm. Current-carry- 

ing capacity, 100 ma non-inductive at 

50 volts d-c for 20 million operations. 

James Cunningham Son & Co., Inc., 101 


Get This GUIDE T0 MODERN SWITCHING | =) I AA 


Ask for 8-page Switch Bulletin RC-11D 


PROGRAMMABLE 
POWER SUPPLIES 


- rs 1" 9c 26 ed z 7 8 
tions. NEW colored knobs. Special conventional and b The PS-32, 33 and 34 are solid-state 


ingest slide switch line over 12 low cost 


tandard types dozens of economical adapta 


iaturized switche designed and produced for i supplies designed to furnish voltages 
arge quantity users. Electronic Components Division from a programmed source such as 


STACKPOLE CARBON COMPANY. St. Marys. Pa from a magnetic tape reader OF 
punched card, or by manual selection 
from panel buttons. Voltage ranges of 
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PATENTS 
PENDING 


Automatic simultaneous winding 
of 2 or 3 group concentric coil with 


FORT WAYNE 
STATOR WINDER 


*LOWEST MACHINE INVESTMENT PER UNIT PRODUCED 


Winding speed at 325 turns per minute. 


@ Preparation time %4 minute . . . only 4 forms to place 


and remove. 

One operator can readily tend 2 or more machines, 
Completely automatic during winding cycle. 

Winds greater range of stator lengths. 


*Production example—4-pole stator with 3-group concentric coil 
per pole at 125 turns per coil produces 88 stators per hour. 


WRITE FOR COMPLETE DATA OR ARRANGE 
TO VISIT OUR PLANT FOR DEMONSTRATION 


FORT WAYNE TOOL, DIE & ENGINEERING CO. 


1027 Goshen Road @ Fort Wayne @ _ Indiana, U.S.A. 
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DYKEM 
head 2 


Popular ckage is 
8-oz. can fitted with 
Bakelite cap holding 
wing Tight at hens 
plying rig a nch: = 
metal surface ready for 
layout in a few minutes. 
The dark blue background 
a makes the scribed lines 
“4 show up in sharp relief, 
+ prevents metal glare. In- & 
creases efficiency and 
accuracy. & 


Write for somple 
on company letterhead 


THE DYKEM COMPANY 
2303F North 11th St. 


making Dies and 
a Taal lt bed 
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HIGH THERMAL CONDUCTIVITY “HOT MELT” 
COMPOUNDS for power transformer potting 


@ Excellent heat dissipating properties. 
@ Increased power output through cooler 
unit operating temperatures. 
@ Minimum equipment necessary. 
@ No curing or baking after potting. 
@ Odorless with high cold flow. 


Send for GENERAL SPECIFICATIONS CHART 

on INSULATING and SEALING COMPOUNDS 

3442 HOWARD STREET * SKOKIE, ILLINOIS 
Telephones: ORchard 3-1050 * AMbassador 2-3339 


BIWAX CORPORATION 


‘¢ 
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“GLASS TIPPED” SET SCREWS 


GLASS—Hard, Dense, 


Smooth, Concentric, 
Hemispherical 

Sample laboratory kit 

of 12 of each stock 


SCREW—Stainless Steel, 
Slotted, Ground Threads, 
Sizes 4, 6, 8 N.F. & N.C. 
item (60), $7.50 post- 
paid U.S.A. and Canada 


IN STOCK—4-48 in O.L.’s. of 
io, 4a, %, Me & 14” 


HARTWOOD GLASS & METALS COMPANY 
P.O. Box 865 Martinsburg, West Virginia 


Specializing in Glass Coated Metals for Electrical Insulation 
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HEAT CONTROL — LIGHT CONTROL 
Nadal a aeh a me aie) 


close adjustment (AC or DC 


UNE aI BTM LLUTAUNT CLUS 


for APPLIANCES 


ITTV mu UND 


for MACHINES and EQUIPMENT 


PVE VM RG d GR GOUT CU Rea eat 


7076 Glenwood Ave., Chicago 26, IIl. 
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Don't get lost in a maze 


Cut cost of assembly by as much 
as 65%, with printed circuits on 
TAYLOR copper-clad laminates 


Conventional circuitry is a maze of wire and spa- 
ghetti. It is costly to assemble and unpredictable 
in performance. A printed circuit on TAYLOR 
rolled copper-clad laminate is a strong prefabri- 
cated part of known reliability. This quality is 
largely due to the new finish on the copper. Both 
solder and ink go on uniformly. The handling of one 
part alone can cut assembly costs as much as 65%. 
And there is an important passalong benefit: field 
repairs, when necessary, can be made easier and more economically. 
Write TAYLOR FisreE Co., Norristown 37, Pa., for complete details. 


"Taylor 


LAMINATED PLASTICS VULCANIZED FIBRE 
Circle 365 on page 17 


, 








three models: PS-32, 6 to 36 volts d-c 
in 0.1 volt steps at 30 amp; the PS-33, 
1 to 500 volts d-c in 1 volt steps at 1 
amp; PS-34, 0 to 99.9 volts d-c in 0.1 
volt steps at 1.5 amp. Accuracy, 0.1 
per cent; regulation, 0.1 per cent, no 
load to full load. Programmable sec- 
tion of each model includes binary- 
coded, decimal control system. Three 
“decade command” circuits control 
setting of any desired three-digit num- 
ber. Circuit provided to hold previ- 
ously programmed voltage until new 
program is correctly selected. South- 
western Industrial Electronics Co., 
10201 Westheimer Rd., Box 13058, 


| Houston 19, Texas. >584 


| THERMISTOR-TYPE 


TEMPERATURE INSTRUMENT 


| Standard instruments are available 
| with any even 50-deg or 100-deg F 


scale within overall range from —50 to 
+500 F. Scales are linear. Accuracy, 


| 2 per cent of full scale. Depending on 


probe design, measurements can be 
made on surfaces of either conducting 
ot insulating materials or inside pen- 
etrable masses. Straight, needle, or 
angle tips can be supplied. Royco In- 
struments, Inc., 365 San Antonio Rd., 
Mountain View, Calif. > 585 


SOLID-STATE 
VOLTAGE REGULATOR 


Highly regulated, low-impedance d-c is 
available from low-voltage unregulated 
d-c sources by using 3 x 3 x 5 in. volt- 
age regulator. Variety of models pro- 
vides fixed and variable output voltages 
of 6-20 volts d-c and 15-35 volts d-c at 
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WILL FEEDBACK 
figure in your future? 


Here is your chance to catch up with the latest 
mathematical techniques for analyzing servo- 
mechanisms and closed-loop systems. 


For. convenient home study and on-the-job 
reference, you'll want a personal reprint copy 


g@ ) 
of Ira Ritow’s authoritative 6-article series on | low-cost 


CT Ca hfe 
AUTOMATIC CONTROL 


SYSTEM DESIGN i | ‘ a Le as 


This latest Ritow series—which was featured 
in ELECTRICAL MANUFACTURING, April through 
September—has been acclaimed as an outstand- 
ing contribution to the understanding of advanced 
servomechanism design. It is a comprehensive 
treatment that will serve design engineers in 
dealing with the ever-increasing demands for 
automatic control in the operation of machines, 
autopilots, communications systems, process cor- 
trol, appliances. 





See inside back cover for Order Post Card 


. Electrical Coil Windings 


For 40 years . . . specializing in all types of 
coils to customers’ specifications. Design or 
engineering assistance available on request. 


ype 
the basic switch, 


COTO-COIL CO., INC. | inssnennetzect= 


T AQ — with threaded sleeve 
SINCE 1917 f woe AQ for panel mounting. 


63 Pavilion Avenue Providence 5, Rhode Island Type AJ — for pane! mounting, with 


overtravel plunger. 


hinged-! Mot oe 
‘ nged-lever actuator 
Circle 367 on page 17 ek? _—_ for light operate force, 


FOLDING DOUBLE CUPPED WASHER LUGS ee 


With or Without 
Insulation Grip— 
Small or Large 
Screw Hole. For 
Standard, Extra 
Flexible Strand- 
ingand Solid Wire 








UNIMAX SWITCH 


east wae CA) IVES ROAD, WALLINGFORD, CONNECTICUT 


LRA See Se aan 


Write for Bulletin 8-DF 
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NEW NYLON amisnme- | 
PARTS from 
j 


Economically mass 
produced on fully 
automatic ented 
machines, GRC nylon 





ill 


r 4 


0.5 amp from inputs of 24-32 volts d-c 


Olay 


“ie 
on base ca CZ \ ( and 35-45 volts d-c. Ripple reduction, 
Gat oe da HEX NUTS 500:1 typical; line regulation, —0.1 per 


cent or 10 mv, whichever is greater; 
load regulation, 50 mv for 0-0.5 amp 


NYLON SCREWS & NUTS load change; output mg cy A t 


ohm max for d-c to 5 ke. 


cavity techniques, 
molds in one 
automatic cycle, gets 
accurate, uniform 
ports, ready for 
immediate use. 


aeOmG 


GRC's complete line of high quality, close tolerance ments, Inc., 13214 Crenshaw Blvd., 

These advantages f : . > 
: 7 tw molded nylon screws and hex nuts include screws in . . 
See enepenene, Saeey ‘susines ° standard commercial heads—Phillips or slotted types—in Gardena, Calif. >586 
ouline ie aay sizes from 34 thru 4"; hex nuts in ten sizes (#2 thru ° 
leetions y (eo, 5/16" GRC molded nylon miniature machine screws— N 

i eeeaaiie a e half - weight of ee oe, wom #2 thru HAND-CRA K 

V44'' make more compact designs possible RC’s single 
a ey cavity molding technique adds exceptional uniformity, MEGOHMMETER 
bulletin describin cee eerne Se Ayers Sen Ceneitensielt aT ee a ee _ 
GRC’s unique method ‘atio, vilt-in electrical insulating qua ities, stability series ratio-coll style o immeter use: 
for injection molding resilience and elasticity. GRC’s molded ary eh 9 39-he , at 
email plastic parts or nylon fasteners are available from stock a generator with a o%-bar armature. 
send prints for in a wide range of types, sizes and lengths. Peak-to-average voltage ratio is less 


= re 





waeae WRITE, WIRE, than 1.09 to 1. Output current rating is 
castings, too! PHONE NOW for five times that of previous models. 
NO SIZE TOO SMALL GRC‘s new catalog Hand-crank meter has fast charge and 
Maximum size 11/4" of die cast and 
long—.03 oz. “"— Clamps ==} j#§ molded fasteners. e 

GRIES REPRODUCER CORP. 

World's Foremost Producer of Smali Die Castings (Z A = — 
149 Beechwood Ave., New Rochelle, N. Y. a NEw Rochelle 3-8600 
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IT’S HERE --- 
A 10 KW T-LOAD 


for DC or AC work 


A new line of Mercury Contactors 
is now available in Durakool’s 





mercury contactor 


















discharge switch for use on circuits 
containing large capacitances. Stock 


Compare this data famous Hypressure “Hydrogen Arc models have ranges from 0-50 megohms 
6.6 KW-T 10 KW-T Quenched” construction. These heavy to 0-2000 megohms at test potentials 
—s ao 100 load carrying contactors have mercury from 100 to 1000 volts. Model with 
ee oe to metal (tungsten) contacts. 500-volt output (illustrated) meets 
ae. Pe A Available in two sizes— ASTM and military specifications. The 
“aan 0010 0008 10 KW Winslow Co., 701 Lehigh Ave., Union 
: oe (10,000 watts) and 6.6 KW , g ’ , 
anh) 970 _1s Soe | >587 , 
norma 0 
Perv Coil __ Tv _—80v ° ‘aa specification. Ideal for SOLID-STATE 
Drop out a ee theatre and — oe POWER SUPPLIES 
fcanetm— > e cap sanet oats. Mate Two d-c supplies (Models 62-141 and 7 
(seconds) 07 08 to handle up to 460 volts 62-142) are rated 5 and 10 amp, re- 
A.C. or 440 volts D.C. | spectively. Both are rated 0.5 to 32 
Nude or with bakelite in- volts d-c output. Regulation, for line 
sulation—with or without or load, less than 18 my. Ripple, less 
lead wires. than 1 my. Pushbuttons provided for 
(Continued on page 363) 
Write for Bulletin 600 « 





4747 Bronx Blvd., New York 70 \— 
1969 Avenue Rd., Toronto 12 
301 Fifth Ave. So., Minneapolis 15 
P.O. Box 1352, 

Postal Station O, Montreal 


Durakool 
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A New Era 
in 
Relay Life and Reliability 


Bulletin 700, 
Type B-220A, 
AC Control 
Relay with 

2 N.O. and 


2 N.C. contacts, 


ey ‘yl 
= UE 


Bulletin 700, 
Type BX-440A, 
AC Control 
Relay can be 
wired for 
normally open 
or normally 
closed contacts, 





NEW ALLEN-BRADLEY BULLETIN 700 RELAYS 


Improved features set new performance standards 


For years, Allen-Bradley Bulletin 700 Type B 
and Type BX relays have been preferred for 
their long life and trouble free operation. The 
improvements in the new Bulletin 700 Type B 
and Type BX relays will set new performance 
standards wherever they are used. Naturally 
they use the famous A-B double break, silver 
alloy contacts which always remain in perfect 
operating condition without cleaning or filing. 
The cast coil cannot be damaged by the sever- 
est atmospheric conditions. 


These new Allen-Bradley Bulletin 700 Type B 
and Type BX relays offer even greater value 
and greater reliability than ever before—but 
the price has not been changed. 


New mechanical design gives at least 5 times 
greater operating life. 


New contact motion provides 10 times greater 
electrical reliability. 


Complete interchangeability— mounting 
dimensions are unchanged. 


New hermetically sealed plastic coil fits 
Bulletin 700 relays presently in use. 


New, stronger, movable contact crossbar— 
also fits old relays. 


New reinforced stationary contact blocks— 
interchangeable with previous design. 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 


Member of NEMA 


ALLEN -BRADLEY 


CTT AO am Oni) 





REDUCED VOLTAGE 
STARTING 
IS A MUST 


Only Allen-Bradley 
can provide all the answers 


The Allen-Bradley line of reduced voltage 
starters makes possible a selection of the 
best starter, not only to meet the power 
company’s requirements but also to 
provide the best starting conditions for 
the motor and the “‘load”’ that it drives. 
The simple solenoid contactors in A-B 
reduced voltage starters have only ONE 
moving part—assuring millions of trouble 
free operations. And their double break, 
silver alloy contacts never need costly 
maintenance. Accurate, reliable overload 
relays protect motors against 
burnouts. Write for Publication 6088, 


Bulletin 740 


Graphite disc resistors are automatically 
inserted in series with the squirrel cage 
motor at starting, and they are 
automatically cut out after a pre- 
determined time. Turning a single screw 
on the starter frame adjusts the 
compression resistors exactly to motor 
and load conditions for velvet smooth 
acceleration. Ratings to 200 hp, 
220-440-550 v. 


Bulletin 640 


Where remote control is not needed, 
these graphite compression disc resistor 
starters provide stepless acceleration’ of 
squirrel cage motors. Operated by hand 
lever, the smooth starting of the motor 

is under the control of the operator. 
No-voltage and dependable overload 
protection is provided. Ratings to 200 hp, 
220-440-550 v. 


- ~* 

= 
; Pe ) La 
a rt ae 
than nn ee 


ALLEN - 
BRADLEY 


Member of NEMA 


Quality Motor Control 


Allen-Bradley Co., 1316 S. Second St., Milwauke« 4, Wis 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont 





meter low-range and for overload trip 
reset. Calibrated adjustable overload 
protection is featured. Ten-amp unit 
illustrated. Dressen-Barnes Corp., 250 
No. Vinedo St., Pasadena, Calif. —>588 


SOLID-STATE COUNTER 


Model 300T multiple preset counter 
applications include numerical control 
of batching, sorting, mixing, coil wind- 
ing, shearing, positioning, etc. Individ- 
ual, pluggable counting and control 


modules are used. Counter can be 
mounted directly on controlled ma- 
chine. Reset may be local or remote. 
Counter will operate on 24 volt a-c or 
d-c control voltages and actuate any 
relay having 12- to 18-volt (50 milli- 
watt to 3 watt) coil. Six million counts 
per minute max; 50 mv sensitivity. 
Standard preset count range is 1 to 
9999 with 5- to 8-digit units available. 
Pulse or relay output with Latch or 
variable relay Hold time. Dual preset 
available for control at preset counts 
A and/or B, or alternate control. Size 
is 34% x 91%4 x 13 in. deep. Erie- 
Pacific Div. of Erie Resistor Corp.., 
12932 S. Weber Way, Hawthorne, 
Calif. >589 


RESONANT-FREE 
TEST FIXTURE 


Environmental test fixture is used to 
mount test specimens during vibration, 
shock and acceleration tests. T-type 
fixture is made of cast magnesium and 
is capable of testing specimens in 
three mutually perpendicular axes si- 
multaneously. Fixture essentially reso- 
nant-free below 2000 cps. Transmissi- 
bility factor does not exceed 1.10 up to 
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NEW "Metallized Mylar* 
CAPACITORS" 


MEET and 
EXCEED 
Mil 


REQUIREMENTS a ae 


Applications: 


Computor Circuits — 


Audio Coupling 

Tuned Filters Metallized Mylar® has outstanding advantages which are extremely 

PFN desirable. They include self-healing characteristics which greatly 

Energy Storage extend the useful life of the capacitors. Elimination of the weak 

scillator Circuits dielectric areas make full use of the highest volts per-mil rating 

Power Supply Filter of the film. This produces capacitors which are extremely small, 

Power factor correction but have longer life, greater reliability with economy. Temperature 

Are and Spark range, for oper and storage minus 90° ¢ to 125° ¢; capaci- 
Gustaciion tance tolerances are 1%, 2%, 5%or 10%, 20%; low dielectric ab- 

Integrating Circuits socption and high resistance are just a few advantages. For 

Audio & ~ b complete literature with curves, complete listings, technical 
wore oe information and illustrations, write today. 

Analog Computors * Dupont Polyester Film 

Low and high pass filters available in two case styles: —bathtub (TYPE AB) 

Radio Frequency Coupling —Metal clad miniature (tubular—TYPE AM) 


Write for full details and illustrated literature. 


Plastic Capacitor, .. 


2620 N. Clybourn Chicago 14, Illinois = 0! 8-3735 
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MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


1/100 — 10 H. P. 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed control in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled ‘Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


ne ed NAA a0 on) a 0a eer 
4 Godwin Ave Paterson. N. J 
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A Design Guide to the 
Analysis and Synthesis of 


Switching Circuits and Logic Systems 


Electrical Manufacturing’s 


comprehensive 5-article series on 


Boolean Algebra 


now reprinted for the second time 
to meet reader demand! 


An invaluable technique—boolean algebra—for every engi- 
neer who needs to analyze or synthesize switching systems in 
any medium, or design circuits directly from specifications. 


In this reprint booklet—handy for home study—ELEectRIcaL 
MANUFACTURING has brought together the complete series of 
tutorial articles by Boris Beizer and Stephen W. Leibholz, 
originally published in these pages, May—September, 1958. 


Here’s a quick run-down on the subjects covered: 


e Language and Laws of Boolean Algebra—Starting at the begin- 
ning, the authors examine the basic concepts of boolean algebra as 
a system engineer's tool for understanding and designing electrical, 
mechanical and hydraulic switching systems. 


e Analyzing Combinational Circuits by Boolean Matrices and 
Karnaugh Maps—Here the authors deal with procedures for (1) de- 
riving the boolean function of multipath switching and (2) visualiz- 
ing and simplifying the boolean expression for any logical circuit. 


e Analyzing Specifications and Designing Circuits—Advancing a 
step further, the authors tell how to transform a set of requirements 
into synthesis maps for correcting contradictions or ambiguities, 
and how to synthesize the boolean functions of the final circuit from 
the corrected map analyses of the specifications. 


e Circuit Design Using Boolean Matrices and System Synthesi: 
Using State Coding—Here the authors examine stil] other metho«- 
for achieving circuit simplicity, through use of boolean matrices. 
They explain how to draw state diagrams detailing desired switch- 
ing sequences. 


e Designing Sequential Circuits—When a circuit possesses “mem- 
ory,” the techniques of analysis and synthesis used for combina- 
tional circuits must be augmented. So here the authors deal with 
the two sets of equations that must be derived, one set describing 
each output, the other describing each internal secondary (feed- 
back) control. 


To round out this informative series an appendix has been in- 
cluded dealing with Tabular Reduction Techniques: also a selected 
bibliography containing 106 references to related articles. 


ORDER COPIES FOR THE STAFF! 


Engineering Applications of Boolean Algebra is published in an 
attractively bound edition of 68 pages, size 8%” x 11”. Nominally 
priced at $2.00 per copy; $1.80 each on orders for 5 to 25 copies. 
See page 242 for listings of Basic Science Reprints and other 
Design Compendiums. 


2000 cps. Environmental test fixture 
available in small size for a 1500 g-lb 
exciter and larger size for 5000 g-lb 
exciter. Smaller size has dimensional 
capacity of 6 x 6 x 4% in. with weight 
capacity to 6 lb; larger type has ca- 
pacity of 12 x 12 x 91% in. for weights 
to 25 lb. Aveo Research and Advanced 
Development Div., 201 Lowell St., Wil- 
mington, Mass. ->590 


WAVE AND NOISE 
SPECTRUM ANALYZER 


Analyzer is an all-transistorized unit 
with flat-topped bandpass. Model 303 
covers frequencies from 30 cps to 100 
ke. Switch selects any of four con- 


stant bandwidths from —3 db to 10 
cps and 30 cps round top, and 100 
cps and 1 ke flat top. Voltage range. 
100 microvolts to 300 volts full scale; 
input impedance, 100 k ohms and 1] 
megohm. With meter output and a volt- 
age proportional to dial setting, unit 
provides graphic display on_ oscillo- 
scopes and X-Y recorders. Quan-Tech 
Laboratories. Morristown, N. J. 591 


HIGH-INTENSITY 
STROBOSCOPE 


Model 510-AL covers 
speeds from 60 to 15,000 rpm in two 
ranges. Accuracy is +1 per cent on 
high range with reduced accuracy en 
slow range of 60 to 1500 rpm. Fast 
range is 600 to 15,000 rpm. Flash 
duration, 1 microsec approx. Instru- 
ment operated from 100-125 volts, 60 
cps. Stroboscope may be used in nor- 
mal daylight but not in direct sunlight. 
Speed in rpm indicated on illuminated 
dial at top of instrument. Flash tube 


stroboscope 
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"To keep Whirlpool first line 
requires first line SteEelIs” -<cester rirst—oirector oF quauity contRot 


“Quality control is important to Whirlpool, and to maintain the highest standards we must begin with 
quality materials,” says Lester First, Director of Quality Control at Whirlpool’s Clyde, Ohio plant. 
“Through constant checking I find that Sharon is one of our suppliers we can rely on for consistently 


good steel right to our specs,” Mr. First continues. 
Leading appliance makers, like Whirlpool, know there’s no substitute for quality steel. For quality 
steel there’s nothing finer than that produced in the mills of the Sharon Steel Corporation, Sharon, Pa. 


<enous> SHARON Occly STEEL 
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is type S55B. Cabinet is 742 x 8% x 
9% in. and weighs 81% lb. Herman H. 
Sticht Co., Inc., 27 Park Place, New 
York 7, N. Y. +592 


OPERATIONAL AMPLIFIER 


Chopper-stabilized, medium-gain, wide- 
band d-c unit amplifies d-c and/or 
a-c signals and will drive direct-writ- 
ing oscillographs. Ten fixed gain set- 


Te rie 


By BARTO L. ATTIG, Sales Manager 
AMERICAN INSULATOR CORPORATION 


One of The Men Behind The Man From AICO 


Most of the men from AICO, the Sales Engineers who serve Aico custo- 
mers, are recruited from the ranks of skilled technicians within our own 
organization. Because of their firsthand experience and work in Engineer- 
ing, Die Making and actual molding of plastics, Aico Representatives 
are singularly qualified to provide you with the most economical solution 
to your molded plastics problems. Next time you seek fast, low-cost pro- 
duction of custom molded plastics . . . regardless of molding material, tings from 1 to 1000, continuously 
molding method required or quantities involved ... Talk to A Man From variable gain control and input im- 
AICO. Aico’s unexcelled service, plus coordinated facilities for molding pedance of 100 k are featured. Adjust- 
all types of plastics under one roof, saves you time, saves you money ... 





eliminates split responsibilities. 


AICO MOLDED PLASTICS REPLACE METAL 
BLOWER WHEELS IN AIR rere 


AICO Molded blower wheels now 
provide manufacturers of air condi- 
tioners and heating units with several 
important production and operating 
advantages. Blade sections are aero- 
dynamically designed . . . an achieve- 
ment economically impossible in fab- 
ricated metals. Because they're molded 
to exacting tolerances, precision 
accuracy is achieved without costly 
machining and finishing . . . produc- 
tion cost is lowered, assembly time 
reduced. One-piece construction results 
in silent operation, higher air delivery 
efficiency than possible with metal .. . 
plus dimensional stability in a wide 
range of temperatures. 


£ 


AICO offers you this valuable handbook graphically 
illustrated and showing how proper design will lower 


PLASTICS 
DESIGNER'S 


AICO’S Nook of 
Plastics Knowledge 


= 


BUETTERINGE 


Lettering to be molded on part should 
be on surfaces parallel to the parting 
line, sides of characters should be well 
tapered. Character depth of Y%s-inch 
is considered adequate . . . depth of 
%a-inch is maximum recommended. 
Confine lettering to flat surfaces, 
lettering on curved surfaces requires 
a split die or complicated die making. 
Additional information on lettering is 
fully covered in Aico's Plastics De- 
signer's Handbook. Coupon will bring 
your FREE COPY. 


the unit cost of molded plastic parts. Handbook tells 
\ and illustrates how costly errors can be avoided when 

ane ‘} parts are in the design stage. Send for your FREE copy 
HANDBOOK Ps today 


use coupon below. 


A completely integrated plastics 
molding service with unmatched 
experience and coordinated 


facilities for Engineering, Mold 
Building, Compression, Transfer, 
Plunger, Injection and Cold Molding 
plus the molding of Reinforced 


Fiberglas 


American Insutator CorporariOn 
New Freedom, Pa. 


Please send me a FREE copy of Aico's 
PLASTICS DESIGNER'S HANDBOOK. 


Name _ 


Title ___ 


Company 


Address __ 


able positive and negative overload 
indicators provided. Measurement 
range, 0.005 to 15 volts; frequency 
response for gain of 100, flat +1 db 
to 10 kc; single-ended output; output 
impedance, 50 ohms approx. Available 
in single-amplifier units or in modules. 
Requires 115-volt, 60-cps power. Pho- 
tron Instrument Co., 6516 Detroit Ave., 
Cleveland 2, Ohio. +593 


WHEATSTONE BRIDGE 
Model WB-100A bridge is designed to 


measure resistances from 1 ohm to 100 
megohms (in eight ranges) to an ac- 
curacy of better than +-0.05 per cent. 
Instrument contains no batteries or 


vacuum tubes; only active elements 
are transistors and Zener diodes. A 
1 per cent unbalance of bridge causes 
full scale deflection over range of 5 
ohms to 50 megohms on 4-in. panel 
meter. More than half-scale deflection 
can be expected for the rest of instru- 
ment operating range. Sensitivity, | 
mv for full scale. Five-digit readout. 
Power input, 117 volts a-c, 60 cps. 
Calibration Standards Co., 1079 Coro- 
net Ave., Pasadena, Calif. 594 


See Product Index for this issue on 
page 368. 
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LATEST TRENDS IN INSULATION 


Dennison Industrial Crepe Paper 
proves best in these applications 


As field coil insulation in automobile starters and 
generators and fractional horsepower motors, Dennison 
Crepe Paper Tape costs about 40% less than varnished 
cotton. It stretches to shape . . . hugs corners and leads 
... prevents voids . . . reduces likelihood of grounds... 
often eliminates need for varnishing and baking. 


As armature or phase insulation for automobile 
starters and generators and fractional horsepower motors, 
Dennison Crepe Paper — is replacing varnished or 
plain cloth, varnished cambric, rag and fish paper, coarse 
secondary and mill crepe. It costs less per pound than 
cloth and cambric. It eliminates need for crescent-shaped 
strips and cupped washers. No skeleton waste. 


As transformer insulation in oil-filled units of all types 
. . « power, distribution, regulator instrument and 
potential transformers . . . Dennison Industrial Crepe, 
in tape or sheet form, is used for a great variety of 
insulation jobs. Its lower cost, lack of contamination, 
high dielectric coupled with high tensile strength, edge 
tear resistance and stretchability make it the ideal 
replacement for any Class A material now used. 


Investigate! Dennison Crepe Paper Tape, made of 
saturating and high-density grades of electrical kraft 
comes in a wide range of stretches, widths and thicknesses 
... and dielectric strengths up to 1500 volts. 

Write for complete data today. 


* 
Helping you compete 
more effectively 
MANUFACTURING COMPANY 
Framingham, Mass. + Drummondville, Quebec + Offices in Principal Cities 
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_ Now available in reprint form [ $1.00 per copy): 





| SLIDE RULE MATHEMATICS | 


—*> IDEAL FOR TECHNICIAN TRAINING PROGRAMS! 


“SLIDE RULE MATHEMATICS” offers a practical guide to the under- 
standing of the slide rule and its application to engineering problems. This 
article is the work of Ira Ritow, engineer-teacher and author of the pop- 
ular “Capsule Calculus.” It traces the logical development of the slide 
rule’s fundamentals and gives complete, concise instructions for its use. 
Contains over 50 two-color illustrated examples of step-by-step slide 
rule settings. 


Major topics include: 
e@ Uses of the Basic Slide Rule @ Variations on Basic C-D Operation 
e Trigonometry e@ The Log-Log Scales e@ Phasor Calculations 
e Vector Diagrams e@ The Circular Slide Rule. 


for which please send me 


The 20-page reprint, plus 4 practice slide rules printed on heavy stock for 
easy cut-out, is priced at ONE DOLLAR. Ordered in quantities of 5 to 24 
for single shipment to one address, the per copy price is 90 cents; for 
25 or more copies, 75 cents each. Add 3 per cent sales tax for New York 
City delivery. The quoted prices include shipping charges. 


! enclose $ 


READER SERVICE DEPARTMENT 
ELECTRICAL MANUFACTURING 
205 East 42 St., New York 17, N. Y. 
“SLIDE RULE MATHEMATICS.” 


COMPANY 


NAME 


Reprinted from March-April 1958 issues of ELECTRICAL MANUFACTURING. 
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PRODUCT INDEX FOR THIS ISSUE 


Components, parts and materials described in this issue's editorial and advertising pages. Key: 
page number only indicates advertisement; letter “e" with page number indicates editorial mention. 


COMPONENTS 
ELECTRICAL/ELECTRONIC 


Batteries—230, 329e 
Brakes—330 


Capacitors—62, 97, 213, 250e, 262, 290e, 
302e, 320e, 363 


Choppers—236, 272e, 274e 
Clutches—51, 203, 250e, 334e 


Contact devices 
Brushes and brush holders—228, 320 
Commutators—272e, 320, 324, 329 
Contacts and contact points—235, 249 
Slip rings—324, 329 


Control systems—68, 137e, 225, 266, 275, 
324e, 348, 363 


Counters—220, 363e 


Electron tubes 
Glow lamps—204 
Phototubes—338e 
Receiving—Inside front cover, 14, 270e 
Special—199, 318e 


Fans and blowers—93, 166e, 254, 300e 


Filters—189e, 262e 
Heating elements—204, 208, 241, 325, 333 
Lights, indicator—245, 254e, 264e, 284e, 297 


Magnetic components 
Bobbins and core boxes—354 
Coils and windings—280, 344 
Cores—77, 227, 265 
Permanent magnets—192e, 209, 215, 349 


Magnetic amplifiers—157e, 330e 
Meters, panel—45, 253e, 264, 326e 
Microwave devices—264e 

Modular assemblies—15, 133e, 266 


Potentiometers—253e, 274e, 288e, 300e, 314e, 
329, 330e, 346e, 350, 357 


Printed circuits—272e 


Protective devices 
Circuit breakers—13, 253e, 348e 
Fuses—299 
Thermal—104, 125e 


Relays 

General purpose—43, 253, 288e, 308e 

Special—253e, 264, 280e, 282, 335 

Industrial—87, 338, 362 

Mercury—234 

Rotary—193 

Telephone—214, 284e 

Time delay—188e, 195, 245, 272e, 302e, 
303, 313 


368 


Resistors—88, 221, 250e, 260e, 267, 272e, 
279, 296e, 326e, 339 


Seals and terminals, hermetic—52 


Semiconductor devices 

Controlled rectifier—101, 261 

Rectifiers and diodes—42, 61, 224, 250e, 
273, 282, 283, 295, 296, 329e, 331, 336e, 
345, 355 

Thermistors—125e, 306 

Transistors—5, 22, 250e, 270e, 272e, 306e 

Varistors—221 


Servo components—Back cover, 205, 244, 
306e, 310e, 320e, 336e, 353e 


Shielding devices—274e 
Solenoids—217, 226, 254e, 263, 294e, 308 


Switches 

Controllers and contactors—73, 87, 229, 
259e, 294e, 360 

Hook—314 

Limit—263, 266e 

Magnetic—314e 

Mercury—256e, 360 

Pushbutton—32, 196e, 258, 263, 310e 

Rotary—67, 278e, 280e, 290, 293e 

Snap action—359 

Stepping—58, 220 

Thermal—259e, 290 

Toggle—32, 290, 329e, 356 


Timers—53, 190e, 220, 326e, 348e 


Transducers 
Linear displacement—322e 
Special—117e, 322e 
Thermostats—318e, 350e 


Transformers 
Electronic—90, 256e, 277, 296, 321, 328, 
330e 


Valves, solenoid—266e, 310e 
Voltage references—253e 


Wire and cable—75, 252, 253, 254e, 270e, 
286e, 307, 326e, 347 
Hookup—75 
Magnet—40, 48, 50, 64, 75, 85, 89, 102, 
262, 302, 317 
Power—57, 252 
Clad—271 


Wiring devices 
Cable clamps and clips—320 
Connectors—Inside back cover, 207, 260, 
274e, 285, 312e, 322e, 324e, 340e 
Cord sets—16, 253, 323 
Plugs and jacks—340e 
Terminals—238, 241, 250e, 264e, 288, 297, 


59 
Terminal blocks—203, 282e, 294, 342e, 359 


oo oe ow wm ww ww ww wow ow wow: 


COMPONENTS 
MECHANICAL/STRUCTURAL 


Bearings—!, 39, 76, 84 
Conduits—33, 216, 332e 
Carbon and graphite—336 
Couplings, flexible—308e 


Fasteners 
Bolts and nuts—237, 351 
Pins—80, 348 — 
Quick-operating—286, 
Screws—21, 80, 98, 266e, 325, 340e, 357 


Housings and enclosures—262e, 264e, 287, 
341 


Knobs, handles—303 
Pulleys—203 

Rings, retainer—55, 334 
Shock mounts—254e, 264e 
Springs—342e 


COMPUTERS AND COMPUT- 
ING COMPONENTS 


133e, 253e, 254e, 264e, 290e, 306e, 338e, 
3 


46e 


DRAFTING MATERIALS AND 
EQUIPMENT 


Instruments—284, 353e 


DRIVES 


Electrical—81, 254e, 269, 314e 
Mechanical—260e, 286e, 312e, 318¢e 
Variable speed—254e, 282e 


INSTRUMENTS AND TEST 
EQUIPMENT 


Amplifiers—254e, 366¢ 
Calculators—322 

Environmental chambers—249 
Generators, electronic—234, 254e, 350e 
Meters—250e, 259e, 332, 354e, 360e 
Oscilloscopes—259e 


Power supplies—191, 250e, 253e, 254e, 260e, 
262e, 293e, 300, 332e, 344e, 356e, 360e 


Recorders—36, 59, 72, 198e 
Shock and vibration—363e 
Special test equipment—l06e, 172e, 253e, 


254e, 256e, 259e, 260e, 262e, 310, 354e, 
356e, 358e, 364e, 366e, 371 
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MATERIALS 
ELECTRICAL/ELECTRONIC 


Conductive materials—315 
Contact materials—315 


Insulation and dielectrics 

Casting resins—57, 231, 256e, 314e, 323, 
342e 

Ceramics and glass—219, 243, 303, 334 

Laminates—56, 95, 103, 262e, 274e, 296e, 
320e, 342, 346, 352, 358 

Mica—46, 344e 

Molding compounds—35, 103, 250e, 255e, 
262e, 288e, 334e, 336, 341 

Plastics—246, 284e 

Tape—63, 86, 99, 201, 255, 319, 336e, 364 

Tubing—49, 259, 290e, 294e, 319, 344 

Varnishes—57 


Magnetic materials 
Electrical steel—69, 92 


MATERIALS 
MECHANICAL/STRUCTURAL 


Adhesives, cements, sealants, waxes—282e, 
286e, 297, 357 


Metals 
Alloys, general—25, 260e, 300e 
Aluminum—31, 44, 250e, 291 
Beryllium—18le, 353 
Copper, brass, bronze—256, 307 
Nickel and Ni-alloys—239 
Steel—251, 365 
Tin—370 


Metal forms 
Clad metal—315 
Tape—315, 342 
Thermostatic bimetal—240 
Tubing—307, 312 


Non-metallic materials 
Ceramics—243 
Elastomers—28, 266e, 309, 311, 312e 


Protective coatings 
Chemical—54, 325 


MOTORS AND GENERATORS 


Fractional-hp motors—2, 27, 47, 79, 114e, 
249, 281, 288, 313 


Gearmotors—47, 83, 197, 354 


Integral-hp motors—38, 94, 114e, 223, 247, 
256e, 270e, 343 


Special—27, 47, 66, 194e, 202, 210, 218, 237, 
253e, 256e, 261, 274e, 288, 313, 354, 372 


PRODUCTION EQUIPMENT, 
TOOLS 


Coil winding—323, 357 
Lacing tape—212, 306 
Layout fluid—357 

Marking devices—254e, 260e 
Pliers—248 


Processing equipment—274, 280, 293, 354e, 
369 


SERVICES 
Coil winding—8, 237, 359 


Metal fabrication—211, 256, 266, 289, 326 
Other fabrication—221, 233, 241, 245, 304 
Plastics fabrication—70, 313, 320, 360, 366 
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FREE ANALYSIS 


OF YOUR SMALL METAL PARTS 
JOINING PROBLEMS 


HERMETIC SEAL WELDED WITHOUT HEATING COMPONENT! 


PROBLEM: weld transistor cap to base, make a hermetic seal without 
heating temperature-critical internal parts. SOLUTION: A Raytheon Weld- 
ing Analyst recommended a DC “stored energy” welding system, using only 
6.6 kva compared to the 75-100 kva required for an AC welder to do the 
same job. RESULT: 1500 perfectly uniform welds per hour; no damage 
from heat. 


HOW YOU CAN BENEFIT— 


If you have a small metal parts joining problem, 
see your Raytheon Welding Analyst. He will be 
happy to help you find a solution—without cost or 
obligation. Mail the coupon below for full details. Excellence in Electronics 


RR ee 


1 TO RAYTHEON COMPANY 

1 INDUSTRIAL APPARATUS DIVISION 
\ INDUSTRIAL PRODUCTS DEPT. KT-11 
\ WALTHAM 54, MASS. 


alles THIS (J Please send me literature on Raytheon Welding 


COUPON Systems. 


(0 Please have a Raytheon Welding Analyst contact me. 
FOR FREE My problem is: (describe metals, thicknesses, type of 


part, etc.) 
ANALYSIS 
sem AA tL on | 
cost or 
obligation. 


COMPANY _____— 
ADDRESS 


ee 
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Zircalloy 2 — containing 1.5% or 
more tin — was the cladding material 
used for the nuclear power unit which 
carried the submarine Nautilus across 
the North Pole. Zirconium alone 
couldn’t do it. Addition of small 
quantities of tin strengthened the zir- 
conium and reduced the variable effect 
of impurities. It also had a favorable 
effect on its corrosion resistance. This 
discovery led to development of Zir- 
calloys containing 0.5 to 5% tin. 


Factory fresh hosiery is now 
available to American consumers in 
The manufacturers claim 
canning nylons reduces pilferage and 
lets the lady select 
her nylons factory fresh from her 


tin cans. 
handling costs, 


grocer’s shelf. 


Foreign car manufacturers 
are Capitalizing on latest developments 
in tin applications. Directional sig- 
nals, subject to continuous wear and 
hard weather conditions, are electro- 
plated with a tin-zinc coating. A tin- 
nickel electrodeposit shows good po- 
tential as a bright tarnish-resistant 
coating for automotive trim, bumpers 
and accessories. A tin-bronze coating 
of up to 12% tin and a tin-nickel 
coating of two-thirds tin are proving 
excellent undercoatings for chromium. 


Write today for more 
data on these items or 
for a free subscription to 
TIN NEWS—a monthly 
bulletin on tin supply. 
prices and new uses. 


The Malayan Tin Bureau 
Dept. 14L, 1028 Connecticut Ave., Washington 6, D.C. 
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high-speed 
camera 


Extend the time scale on mech- 
anical motion by a factor of 1 to 
200. Project and study repeti- 
tively at leisure for analysis and 
design advancements in your 
product. Use the Magnifax, for- 
merly the Kodak High-Speed 
Camera. 


magnificent 
picture 
quality 


Proved in years of use through- 
out industry, the Magnifax has 
a new name and one or two 
design improvements, but still 
provides the best picture quality 
in the field. Portable and con- 
venient, it features simplicity 
and versatility in use. 


If you aren't already familiar 
with the instrument, send for 
details. Or, can one of our field 
engineers call and show you 
sample films? 


Beckman # Whitley INC. 


SAN CARLOS 11, CALIFORNIA 
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Who needs feedback? te 


patented chronometric governor of this 
standard DC Timing Motor is a tyrant. 
Without any other circuitry, it holds the 
motor output speed within + 0.1% while 
driving charts, cams, contacts, actuators 
or other devices. It holds the rate even 
if output shaft load, line voltage, or 
ambient temperatures change. And that’s 
just the standard model of this little gem. 
Custom variations can do even better, un- 
der special conditions. The A. W. Haydon 
Co. knows all about timers and timing. 
If you have a specific timing problem, 
you ought at least to have our literature. 
Bulletin MO 802 is yours for the asking. 
(On 5800 Series 4 chronometri- 
\ DC Motors) 


cally governed Ae 


P 


5800 Series 
DC Motor with 
chronometric 
governor 


(twice actual size) 


eet 
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234 North Elm Street, Waterbury 20, Connecticut 
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DID YOU SAY 
PRINTED 
CIRCUITS 


—A-MP Molded Edge Connector affords 
a solderless, reliable multi-circuit con- 
nection on printed circuit board edges. 


—AMPin split tip firmly holds pin in 
board during solder dipping, assures 
good capillary flow. AMPin attaches to 
your leads with high speed A-MP tooling. 


—AMP-edge fits edge slotted boards 
giving high conductivity without scoring 
paths. Low cost board edge connections. 


»—A-MP Component Tips crimp to com- 
ponent leads for firm mounting during 
solder dip. Permit stacking of units, pro- 
tect semi-conductor leads from heat. 


—AMP-lok—economical multiple quick 
connect/disconnect of harness to board. 


—A-MP Printed Circuit Connector, for 
gruelling aircraft environments, is sealed 
against moisture and arcing, attaches 
with right angle pins to circuit board 
edge. Dual leads for each contact. 


No matter how you approach printed circuit problems—with single or 
multiple connector units, with board-edge or face attachments, with or without 
solder dipping, with or without eyeletting—AMP has just the product you’ll 
need for low-cost top reliability. 

Production and assembly speeds are miles ahead of most other techniques. 
Versatility is unbeatable, permitting A-MP products to be used on different 
applications and in combination with each other. 

For complete information on electrical characteristics, application methods 
and other specifications, send for our new Printed Circuit Applications Catalog. 
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GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 
A-MP products and engineering assistance are available through subsidiary companies in: Canada « England « France + Holland « Japan 
Circle 102 on page 17 





A PARTIAL SHOWING. OVER 60 DIFFERENT 
SIZE 8 ROTARY COMPONENTS AVAILABLE 


Clifton Precision’s size 8 rotary components have been tried and proven by customers over the past 4 years. More than 50,000 have been 
shipped. These are the most accurate and best tested (because they are use tested) size 8 rotary components on the market today. 


1. Torque transmitter (26v. input) 2. Torque transmitter (115v. input) 3. Control transformer (lo Z) 4. Control transformer (hi Z) 5. Control 
transformer (very hi Z) 6. Torque receiver (26v. input) 7. Torque receiver (115v. input) 8. Torque differential (lo Z) 9. Torque differential 
(hi Z) 10. Electrical resolver (.5 t.r.) 11. Precision computing resolver (feedback winding) 12. Electrical resolver (1 t.r.) 13. Linear trans- 
former (115v. input) 14. Linear transformer (26v. input) 15. Servo motor (1” length, .40 in-oz stall torque) 16. Motor generator (10v. input) 
17. Servo motor (53/64” long) 18. Servo motor (35v. center tap) 19. Servo motor (26v. center tap) 20. Motor generator (26v. input) 21. Servo 
motor (.30 in-oz stall torque) 22. D.C. motor (14v. input) 23. D.C. motor (28v. input) 


ENGINEERS — Join the leader in the rotating components field. Write David D. Brown, Director of Personnel, Dept. L-11 


CLIFTON PRECISION PRODUCTS CO., INC. €& Cc 


CLlewerTsow AHEISC#H# TS 


Sales Office: 9014 W. Chester Pike, Upper Darby, Pa.—Hilitop 9-12()0, TWX Flanders, Pa. 1122 
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